(19) 



J 



(12) 



EuropSisches Patentamt 
European Patent Office 

Office europeen des brevets (1 1 ) 

EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 




EP0 781 815 A1 



(43) 


UaI6 OT puiJilUcluuii. *' 




int Ci^* C08L 83/16. C09D 183/16 




fio fV7 4 007 Riillatin 1QQ7/97 










(86) 


International application number: 


(21) 


Application number: 96923097.8 




PCT/JP96/01976 




Date of filing: 15.07.1996 


(87) 


International publication number: 






WO 97/03131 (30.01.1997 Gazette 1997/06) 




nAcinnatoH nnntractinn States* 


• 


MATSUO, Hideki 


DE FR GB 




4-6, Nishitsurugaoka 1-chome 






Saitama 356 (JP) 


(30) 


Priority: 1 3.07.1995 JP 200584/95 


• 


YAIMADA, Kazuhiro 


05.12.1995 JP 344767/95 




312 Soken Apartment 




27.12.1995 JP 341601/95 




Saitama 356 (JP) 


(71) 


Applicant: Tonen Corporation 


(74) Representative: Rackham, Anthony Charles et al 


Tokyo 100 (JP) 




Lloyd Wise, Tregear & Co., 






Commonwealth House, 


(72) 


Inventors: 




1 -1 9 New Oxford Street 


• 


SHIMIZU, YSasuo 




London WC1 A 1LW(GB) 




344 Soken Apartment 








Saitama 356 (JP) 







(54) COMPOSITION FOR FORIWING CERAMIC SUBSTANCES AND PROCESS FOR PRODUCING 
CERAMIC SUBSTANCES 

(57) Disclosed are a composition for forming a 
ceramic material useful for smoothly forming a ceramic 
film at a low temperature on surfaces of solid products 
such as substrates used in electronic products, plastic 
films or the like and a process for producing such a 
ceramic material. 

The afore-mentioned composition comprises a sila- 
zane-based polymer, and at least one ceramic-transfor- 
mation promoting agent selected from the group 
consisting of an amine compound, an add compound 
and peroxide. 

Further, The afore-mentioned ceramic material can 
be produced by bringing a mixture of the silazane- 
based polymer and the ceramic-transformation promot- 
ing agent into contact with steam. 
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Description ^ 

: TECHNICAL FIELD : ■ 

5 The present invention relates to a composition for forming a ceramic material, such a ceramic material, a process 
for producing the ceramic material, a process for producing a ceramic film on a surface of a solid body, and a process 
for producing a solid product having the ceramic film on the solid body. 

BACKGROUND ART 

10 

Silazane-based polymers such as polysilazanes or poly-metallo-silazanes are specific polymers capable of being 
transformed Into a ceramic material. When such polymers are transformed into a ceramic material, there can be 
obtained ceramic materials which are excellent in heat resistance, abrasion resistance, corrosion resistance or the like 
and composed substantially of Si02. 

15 As is known, the silazane-based polymers have been widely utilized as a film-forming component for coating mate- 
rials (Japanese Patent Application Laid-open Nos. 99327/1987 and 203476). In order to form a ceramic film on a sub- 
strate using the coating material containing the silazane-based polymer, there has been adopted a method which 
comprises applying the coating material onto the substrate to form a polymer film thereon and ttiereafter transforming 
the polymer film Into a ceramic material. 

50 However, such a conventional method for the ceramic-transformation of the silazane-based polymers, the polymer 
has to be calcined at a high temperature on the order of 900**C. Fa this reason, tiiere has arose such a problem that 
the resultant ceramic film tends to suffer from deficiencies such as voids, pinholes, cracks or the like. 

In addition, in order to can-y out the ceramic-transformation of the polysilazane-based polymer at a reduced tem- 
perature, tiiere have been proposed a method in which the polymer film is calcined in an ooddation atmosphere 

25 (WO93/02472). and a method in which a mixture of polysilazane and polysiloxane is used {Japanese Patent Application 
Lakl-operi No. 73340/1994). 

In these conventional methods, it is possible to transform the silazane-based polymer into a ceramic material at a 
temperature as low as 450*C and therefore produce a ceramic film having a good denseness and an excellent resist- 
ance to cracking. However, the tenperature used in these conventional methods is still too high so as not to be applied 
30 to ceramic forming techniques in the fields of electronic products such as semiconductor devices or liquid crystal 
devices, plastic products or the like. Accordingly, the conventional methods cannot be utilized as ceramic forming tech- 
niques in these fields. 

Furtiier. in the afore-mentioned conventional methods for transforming tiie silazane-based polymer into a ceramic 
material, low molecular weight polymers are scattered around due to a high temperature required to calcine the poly- 
35 mer, so tiiat there arises inconveniences such as loss of the polymer, contamination of calcining apparatuses used, or 
the like. 

DISCLOSURE OF THE INVENTION 

40 It is an object of the present invention to provide a silazane-based polymer composition capable of being smoothly 
transformed into a ceramic material at a reduced temperature. 

It Is another object of the present invention to provide a process for smoothly producing a ceramic material at a 
reduced temperature using a silazane-based polymer composition. 

It is a furtiier object of tiie present invention to provide a process for smootiily producing a ceramic film on a surface 
45 of a solid body at a reduced temperature using a silazane-based polymer composition. 

It is a still further object of the present invention to provide a process for smoothly producing a ceramic film on a 
surface of a substrate used in tiie field of electronic products at a reduced temperature using a silazane-based polymer 
conposition. 

It is a still further object of the present invention to provide a process for smoothly producing a ceramic film on a 
so surface of a plastic body at a reduced temperature using a silazane-based polymer composition. 

It is a still further object of the present invention to provide a process for smoothly producing a ceramic film on a 
surface of an elongated plastic film at a reduced temperature using a silazane-based polymer composition. 

It is a still further object of the present invention to provide a solid product having a ceramic film produced by any 
one of the aforementioned processes, on a surface of a solid body. 
55 Further and otiier objects of the present invention will become apparent by referring to the following detailed 
diescription. 

As a result of various studies made by tiie present inventors to transform a silazane-based polymer into a ceramic 
material at a reduced temperature, it has been found that the silazane-based polymer is smoothly transformed into a 
ceramic material even at a tenperature as low as not more than 50^0 by bringing tiie silazane-based polymer, to which 
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at least one compound selected from the group consisting of an amine compound, an acid compound and a peroxide 
is added as a ceramic-transformation promoting agent. Into contact with steam. In addition, the present inventors have 
found that the silazane-based polymer is smoothly transformed into a ceramic material by bnnging the silazane-based 
polymer into contact with a vapor of the aforementioned compound and steam, separately or simultaneously. 
5 The present invention has been attained on the basis of this finding. 

In one aspect of the present Invention, there is provided a composition for forming a ceramic matenal. which com- 
prises a mixture of a silazane-based polymer and at least one ceramic-transformation promoting agent selected from 
the group consisting of an amine compound, an acid compound and a peroxide. 

In another aspect of the present invention, there is provided a process for producing a ceramic matenal. which com- 
10 prises the step of bringing a mixture of the silazane-based polymer and the ceramic-transformation promoting agent 
into contact with steam to transform the polymer into the ceramic material. 

In a further aspect of the present invention, there is provided a process for producing a ceramic matenal. which 
comprises the step of bringing the silazane-based polymer into contact with an aqueous solution containing the afore- 
mentioned ceramic-transformation promoting agent to transform the polymer into the ceramic material. 
15 In a still further aspect of the present invention, there Is provided a process for producing a ceramic material, which 
comprises the step of bringing the silazane-based polymer Into contact with a vapor of the afore-mentioned ceramic- 
transformation promoting agent, separately or simultaneously, to transform the polymer into the ceramic material. 

In a still further aspect of the present invention, there is provided a ceramic material produced by any one of the 
afore-mentioned processes. 

In a still further aspect of the present Invention, there is provided a process for producing a ceramic film on a sur- 
face of a solid body, which comprises the steps of forming, on the surface of the solid body, a film comprising the sila- 
zane-based polymer and the ceramic-transformation promoting agent, and bringing the film into contact v«th steam to 
transform the film into the ceramic film. 

In a still further aspect of the present invention, there is provided a process for producing a ceramic film on a sur- 
face of a solid body, which comprises the steps of forming, on the surface of the solid body, a film comprising a silazane- 
based polymer, and bringing the film into contact with an aqueous solution containing the afore-mentioned ceramic- 
transformation promoting agent to transform the film into the ceramic film. 

In a still further aspect of the present invention, there is provided a process for producing a ceramic film on a sur- 
face of a solid body, which comprises the steps of forming, on the surface of the solid body, a film comprising the sila- 
zane-based polymer, and bringing the film into contact with a vapor of the afore-mentioned ceramic-transformation 
promoting agent and steam, separately or simultaneously, to transform the film into the ceramic film. 

In a still further aspect of the present invention, there is provided a solid product having the ceramic film produced 
according to any of the afore-mentioned ceramic film-forming processes, on the surface of the solid body 

The silazane-based polymers used In the present invention are various known polymers having, in main chains 
55 thereof, structural units of the following general formula (1): 

-[Si(R^)(R2)-N(R3)J- (0 

wherein . R^ and R^ are hydrogen or an organic group with the proviso that at least one of R^ . R^ and R^ is hydrogen. 
40 The organic groups may include not only those organic groups having carbon atoms directly bonded to the silicon 
atom (Si) or the nitrogen atom (N) but also those organic groups having hetero-atoms directly bonded to the silicon 
atom (Si) or the nitrogen atom (N). Examples of the hetero-atoms are a silicon atom, a nitrogen atom, an oxygen atom. 

a sulfur atom or the like. j lu ^ 

Specific examples of the suitable organic groups include hydrocartDon groups such as an alkyi group, an alKenyl 

45 group, a cycloalkyi group, an aryl group or an aralkyl group; siiyl groups having hydrocartDon groups, such as an alkyls- 
ilyl group or an arylsilyl group; amino groups having hydrocarbon groups, such as an alkylamino group or an arylamino 
group; hydrocarbon-oxy groups such as an alkoxy group, an aryloxy group or an aralkyloxy group, or the like. These 
hydrocarbon groups have 1 to 18 carbon atoms, preferably 1 to 12 cart>on atoms, more preferably 1 to 8 carbon atoms. 
Further, the hydrocarbon groups may have subslituent groups. Examples of the suitable substituent groups include a 

so halogen atom, an alkoxy group, an amino group, a carboxyl group, a hydroxyl group, an alkoxycarbonyl group, a nitre 
group or the like. 

In the present invention, as the silazane-based polymers, there can be used not only ordinary polysilazanes but 
also various modified polysilazanes such as poly-metallo-sllazanes or silazane copolymers. Further, the silazane- 
based polymers may be those having a chain structure, a cyclic structure or both the structures. Furthermore, the sila- 
55 zane-based polymers may have a cross-linked structure in a molecule thereof. 

The silazane-based polymers used In the present invention have a number-average molecular weight of 100 to 
50,000, preferably 200 to 10,000. 

The silazane-based polymers of the present invention can be used singly or in the form of a mixture of any two or 
more thereof. Further, the silazane-based polymers of the present invention can be used in the form of a mixture of the 
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silazane-based polymer and other kirvis of poi/mers. 

Next, typical examples of the silazane-based polymers used in the present invention are described below though 
not limited thereto. 

In the silazane-based polymers having the structural units of the genera! formula (I) (hereinafter occasionally 
5 referred to merely as "polymers"), silazane-based polymers in which all of , and in the formula (I) are hydrogen, 
are perhydropolysilazane whose production methods have been reported, for example, in Japanese Patent Afilication 
Laid-open No. 145903/1985 and D. Seyferth et a!., "Communication of Am. Cer. Soc.", C-13. January 1983. The prod- 
ucts produced by these methods are in the form of a mixture of various polymers having different structures. However, 
essential components of the products are those having a chain portion and a cydic portion in a molecule thereof and 
10 can be represented by the following chemical formula: 



15 



30 



"4SiH2NHV -^SiHzN^ ^siH3)c (II) 

(a + b + c = l) 



20 An example of such structures of the perhydropolysilazane Is as follows: 

S^Jj SiHz 5^2 N (III) 



SiHj .SiH, SiH 
I I 



3 



In the polymers having the structural unit of the general formula (I), those having a structure in which and R^ are 
hydrogen and R'^ is methyl, have been reported in D. Seyferth et al.. "Polym. Prepr. Am. Chem. Soc, div. Polym. 
Chem.", 25, 10(1984). The polysilazane produced by the method are polymers having a chain a cyclic structure with a 
repeating unit of -(SiHgNCHs)- but any of those polymers have no aoss-linked structure. 

40 In the polymers having the structural unit of the general formula (I), those having a structure in which and R^ are 
hydrogen and R^ is an organic group, have been reported in D. Seyferth et al.. "Polym. Prepr. Am. Chem. Soc, div. 
Polym. Chem.^ 25. 10(1984) and Japanese Patent Application No. 89230/1986. The polysitazanes produced by these 
method include polymers which contain a repeating unit of -(R^SiHNH)-and are primarily of a cyclic structure having a 
degree of polymerization of 3 to 5, or polymers having both the chain and cyclic structures in molecules thereof repre- 

45 sented by the chemical formula of (R^SIHNH) J(R2SiH)li .5N]i.x(0.4<X<1). 

In the polymers having the structural unit of the general formula (I), polysilazanes having a structure in which R^ is 
hydrogen and R^ and R^ are an organic group, or in which R"" and R^ is an organic group and R^ is hydrogen, may 
include polymers which contain a repeating unit of -(R^ R^SiNR^)- and are primarily of a cyclic structure having a degree 
of polymerization of 3 to 5. 

so Next, typical other kinds of polymers usable in the present invention are described below. In the polyor- 
gano(hydro)silazanes. there exist polymers having a cross-linked structure in molecules thereof as reported in D. Sey- 
ferth et aL. "Communication of Am. Cer. Soc", C-132, July 1984. An example of such polymers is as follows: 
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(IV) 



Also, in the present invention, there can be used polysilazanes of R^Si(NH)x having a cross-linked structure 
obtained by the amrnonolysis of R^SiXg where X is halogen, or polysilazanes having a structure of the following formula 
(V) obtained by the co-amnrranolysis of SiXa and P?2^\X2: 

H H 
NH 



wherein m and n are positive integer and M is a metal atom. 

30 The polymers used in the present invention have a main skeleton composed of structural units each represented 
by the afore-mentioned general formula (I). As described above, the structural unit may be cyclized. in this case, the 
cyclized unit constitutes a terminal group. On the other hand, if polymers have no cyclized structural unit, the main skel- 
eton of the polymer has terminal groups identical to R\ R^ or R^. or hydrogen. 

In addition, in accordance with the present invention, as the modified polysilazanes. there can be used, for exam- 

35 pie. metal-containing poly-metallo-silazane having the following forniula: 



I 



25 




40 




(VI) 



45 wherein m and n are positive integers and M is a metal atom. 

In the above-mentioned general formula, the metal atom M constituting one of side chains may be aoss-linked. 
Besides in accordance with the present invention, there can be used polysilazanes having repeating units repre- 
sented by the formulae of [(SiH2)n(NH)m] and [(SiHgjrO] (wherein n. m and r are independently 1 . 2 or 3) as disclosed 
in Japanese Patent Application Laid-open No. 195024/1987; polysilazanes produced by reacting polysilazane with a 

50 boron compound and having an excellent heat resistance as disclosed in Japanese Patent Application Laid-open No. 
84437/1990: polysilazanes produced by reacting polysilazane with metal alkoxide as disclosed in Japanese Patent 
Application Laid-open Nos. 81122/1988. 191832/1988 and 77427/1990; inorganic silazane high polymers or modified 
polysilazanes as disclosed in Japanese Patent Application Laid-open Nos. 138108/1989. 138107/1989. 203429/1989. 
203430/1989. 63833/1992 and 320167/1991 ; silazane copolymers produced by introducing an organic component into 

55 polysilazane and suitable for producing a film having an increased thickness as disclosed in Japanese Patent Applica- 
tion Uid-open Nos. 331293/1993 and 31326/1991; polysilazanes in which a catalytic compound for promoting a 
ceramic-transformation is added or mixed and which can be suitably applied to metal such as aluminum and trans- 
formed into the ceramic material at a lower temperature as disclosed in Japanese Patent Application Laid-open Nos. 
238827/1 993. 1 22852/1994. 2991 1 8/1 994. 240208/1 994 and 1 96986/1 995; or the like. 
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Also, In the present invention, there can be used modified polysilazane as disclosed in Japanese Patent Application 
Laid-open No. 238827/1993. The modified polysilazane is silicon alkoxide-added polysilazane produced by heat-react- 
ing the polysilazane havlng structural units represented by the afore-mentioned general formula (1) with silicon alkoxide 
of the general formula (VII): 

5 

Si{0R^)4 (Vll) 

wherein R'^'s may be the same or different and are hydrogen or an alky! or aralkyl group having 1 to 20 carbon atoms 
with the proviso that al least one of the R'^'s Is the afore-mentioned alkyi or aralkyl group. The silicon alkoxide-added 
10 polysilazane has a atomic ratio of the silicon derived from alkoxide to the silicon derived from polysilazane of 0.001 to 
3 and a number-average molecular weight of about 200 to about 500,000. 

Further, in the present invention, there can be used modified polysllazanes as disclosed in Japanese Patent Appli- 
cation Laid-open No. 122852/1994. The modified polysilazane is glyddol-added polysilazane which is produced by 
reacting the polysilazane having the afore-mentioned general formula (I) with glycidol and has a weight ratio of glycidol 
15 to polysilazane of 0.001 to 2 and a number-average molecular weight of about 200 to about 500,000. 

Further, in the present invention, there can be used acetyl acetonate complex-added polysllazanes. 
The modified polysilazane is acetyl acetonate complex-added polysilazane which is produced by reacting the 
polysilazane having repeating units of the afore-mentioned general formula (I) with an acetyl acetonate complex con- 
taining metal such as nickel, platinum, palladium or aluminum, and has a weight ratio of the acetyl acetonate complex 
20 to the polysilazane of 0.00000 1 to 2 and a number-average molecular weight of about 200 to about 500.000. The afore- 
mentioned metal-containing acetyl acetonate complex is such a complex produced by coordinating an anion (acac) 
generated by acid dissociation from acetyl acetone (2. 4-pentadione) onto a metal atom, and represented by the gen- 
eral formula of (CHgCOCHCOCHa),,!^ where M is n-valent metal. 

Furthermore, in the present invention, there can be used metal carboxylate-added polysilazane as disclosed in 
25 Japanese Patent Application Laid-open No. 2991 18/1 994. 

Th® modified polysilazane is nietaf carbbxylate-added polysilazane which can be produced by reacting the 
polysilazane having repeating units represented by the afore-mentioned general formula (I) with a metal carboxylate 
containing at least one metal selected from the group consisting of nickel, titanium, platinum, rhodium, cobalt, iron, 
ruthenium, osmium, palladium, iridium and aluminum, and has a weight ratio of the metal carboxylate to polysilazane 
30 Of 0.000001 to 2 and a number-average molecular weight of about 200 to about 500,000. The afore-mentioned metal 
carboxylate is a polymer represented by the general formula of (RCOO)nM where R is an aliphatic or alicyclic group 
having 1 to 22 carbon atoms. M is at least one metal selected from the afore-mentloned metals and n is a valence of 
the metal M. The metal carboxylate may be an anhydride or a hydrate. The weight ratio of the metal carboxylate to the 
polysilazane is preferably in the range of 0.001 to 1. more preferably 0.01 to 0.5. With respect to the process for the 
35 production of the metal carboxylate-added polysilazane, reference should be made to the aforementioned Japanese 
Patent /Application Laid-open No. 2991 18/1994. 

Typical examples of polysllazane-based polymers used in the present invention are described hereinbefore but the 
present invention is not intended to be limited thereto. Among these polysllazane-based polymers, perhydrosilazane- 
based polymers are preferably from the standpoint of the hardness and the denseness of a ceramic material produced 
40 from the polymers. On the other hand, from the standpoint of the flexibility of the ceramic material produced from the 
polymers. organosNazane-based polymers are preferably used. In the present invention, appropriate silazane-based 
polymers can be selectively used depending upon the aimed properties of the ceramic material produced. 

The composition for producing a ceramic material according to the present invention may be in the form of a mix- 
ture comprising the afore-mentioned polysilazane or modified polysilazane and at least one ceramic-transformation 
45 promoting agent (hereinafter occasionally refened to merely as "CPA") selected from the groi^D consisting of an amine 
compound, an acid conpound and a peroxide. 

The amine compounds may be chain or cyclic compounds. The chain compounds may include, for example, those 
represented by the following general formula (VII): 

so R5r6r7n ^^jIj 

where R^. R^ and R^ are independently hydrogen or an organic group with the proviso that at least one of R^ R^ and 
R is the organic group. The organic groups may be not only organic groups having a carbon atom directly bonded to 
the nitrogen atom (N). but also those having a hetero-atom directly bonded to the nitrogen atom (N). Examples of the 
55 hetero-atoms may include a silicon atom, a nitrogen atom, an oxygen atom, a sulfur atom or the like. 

._ Specific examples of the organic groups may include hydrocarbon groups such as an alkyi group, an alkenyl group, 
an aryl group or an aralkyl group; sllyl groups having a hydrocarbon group, such as an alkylsilyl group or an arylsiiyi 
group: amino groups having a hydrocarbon group, such as an alkylamino group or an arylamino group; hydrocarbon- 
oxy groups such as alkoxy group, an aryloxy group or an aralkyloxy group; or the like. 
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The afore-mentioned hydrocarbon groups may have substituent groups. Examples of the suitable substifejent groups 
may Include.a h^ogen atom, an altoxy group, an amino group, a carboxyl group, a hydroxyl group, an alkoxycarbonyl 
group, a nitro group or the like. 

SpecKic examples of the amine compounds represented by the afore-mentioned general formula (VII) may include 
methyl amine, dimethyl amine, trimethyl amine, ethyl amine, diethyl amine, triethyl ^"[''"e. P^^' f''"^-fP[°^ ^l"!"^" 
tripropyl amine, butylamine. dibutylamine, tributylamine. pentylamlne. dipentyl amine, tnpentyl amine, hexyl amine, 
dihejvl amine, trihexyl amine, heptyl amine, diheptyl amine, octyl amine, dioclyl amine, tnoctyl amine, phenyl amine, 
diphenyl amine, triphenyl amine or the like. . , ^ ^- ^ a m^^^a 

Example of the preferred chain amine compounds used in the present invention may include tnethyl amine, tnpentyl 
amine, tributylamine, trihexyl amine, triheptyl amine and trioctyl amine. , -,w«ii„D 

Examples of the preferred cyclic amine compounds used in the present inventon may include pyndine. a-pico^ine. 
|}1>icoline rpicoline. piperidine. rutizine, pyrimidine. pyridazine or the like, and further include DBU (1. 8-diaza-bicy- 
clofS 4 017-undecene). DBN (1 . 5-diaza-bicycloI4. 3. OJS-nonene) or the like. , . 

The acid compounds used in the present invention may be organic and inorganic acids. Examples of the organic 
adds may include caiboxylic acids having a radical "-COOH". sulfonic acids having a radical -SO3H . or the. like. Spe- 
cHic examples of these organic acids may include acetic acid, propionic acid, butylic acid, valenc aad naleic acid, 
ethane-sutfonic acid or the like. Examples of the inorganic acids may include hydrochloric acid, nitric acid, phosphonc 
acid chloric acid, hypochlorous acid, sulfuric acid or the like. Examples of the peroxides may include hydrogen perox- 
ide sodium peroxide, calcium peroxide, hydrogen peroxide adducts. peroxoadd. peroxo acid salts or the I'ke. Exam- 
pts oTTe hydrogen peroxide adducts indude urea/hydrogen peroxide adduct [CO{NH)2;H202l metasHicatertiydrogen 
oeroxide adduct [Na,Si03;H202] or the like. Examples of the peroxo adds or the salts thereof may include percwo-disul- 
iuric acid. peroxoKJisulfuric add salts. peroxo-cait>onale. peroxo-borate or the like. In general, optional perc«.des <^n 
be used as far as they can generate hydrogen peroxide when dissolved in water or an aqueous acid solution. Any of the 
afore-mentioned amine compounds, add compounds and peroxides can be used singly or "1*6*0111, of .a mixture of 
any two or more thereof. In the present invention, espedally. propionic add. hydrodiloric acid and hydrogen peroxide 

*''*'?h?S)Sfon according to the present invention comprises a mixture of the silazane-based polymer and the 
afore-mentioned ceramic-transformation promoting agent (CPA). This composition may be in the fo^"* °* P"«*«^^^ 
uid. In thecase of the powder compositbn.apolymer in theform of powder canbe used as theal^^^^^^ 

in this case, the CPA used may be in the form of solkJ or liquid. On the other hand. ^ the case "J^""; 
solid or liquid polymer can be used as the silazane-based polymer. In this case, the CPA used may be^the form of 
Ss liquS or Si. in order to prepare the lk,uid composrtion. the polymer and the CPA are admixed wrth an organic 
solvent. As the organic solvents, any organic solvents capable of dissolving the polymer are "^e. _ 

Specific examples of the afore-mentioned aganic solvents may indude hydrocarbons sudi as aliptebc hydrocar- 
bons alicydic hydrocarbons or aromatic hydrocarbons; halogenated hydrocarbons sudi as methane halde, ethane 
hS o hatagJ^ted benzene: ethers such as aliphatic ether or alicydic ether; cart)oxyl.c aad es^er compounds; or 
the Hke sSSic examples of the preferred solvents may include liquefied methylene; halogenated hydrocart>ons such 
as chToroTa^ ca*ontetrachloriSe, bromoform ethylene chloride, ethylidene chloride. tn<«oroethane or t^- 
roethane- ethers sudi as ethyl ether, iso-propyl ether, ethyl butyl ether, butyl ether. 1 . 2-dioxy-ethane. dioxane. dimethyl 
dioxane. ietrahydrofuran or tetrahydropyran; hydrocarbons such as pentane. hexane. iso-hexarie, "jetj^' P^"^«; pep- 
tone iso-heptane. octane, iso-octane. cydopentane. methyl cyclopentane. cydohexane. methyl cydohexane benzene 
toluene xylene, ethyl benzene, ethyl cydohexane. cychjhexene. p-menthane. limonene. decahn tetralin, phenyl 
cydohexane nonane or decane; or silane compounds sudi as dimethyl-diethoxy-silane or methyl-triethoxy^l^ane. 
Bcamples of 'the caiboxylic add esters may indude acetates such as methyl acetate, ethyl acetate n^jropyl acetate 1- 
propyl acetate, n-butyl acetate, i-butyl acetate, n-amyl acetate, i-amyl acetate, n-hexyl acetate, i-hexyl acetete. 
cydohexyl acetate a phenyl acetate: propionates, butyrates or valerates having similar substituerts; or the like. Fur- 
ther as the carboxylic acid esters, there can be used divalent caiboxylic acid esters such as dimethyl maleate, dimethyl 
oxalate, diethyl oxalate, dimethyl phthalate or diethyl phthalate. The afore-mentioned solvents can be used in the form 
of a mixture of any two or more thereof. ^ tiu 

The liquid composHion used in the present invention may be in the form of a solution or a slurry. The amount (rf the 
polymer contained in the liquid composition is usually in the range of 0.01 to 99 % by weight, preferably 0.1 to 50 % by 
weiaht though not particularly limited thereto. ...... .1. ^ 

in the case where the amine compound is used as the CPA, the amount of the CPA added is not less than 1 ppm 
bv weiaht preferaWyintherangeof lOppmby weightto 100%by weight, more preferably in the range of 100 ppm by 
weiaht to 50 % by weight, based on the weight of the polymer Effects of transforming the polymer into a ceramic mate- 
rial by the amine compound tend to be increased as the strength exponent (pKg in an aqueous solution) of the amine 
compound becomes larger. Further, the effects tend to be increased as the boiling point of the amine compound 

''^"lll'ttie Mse^where the add compound or the peroxide is used as the CPA. the amount of these compounds added 
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is not less than 0.1 ppm by weight, preferably in the range of 10 ppm by weight to 10 % by weight, more preferably in 
the range of 1 0 ppm by weight to 5 % by weight, based on the weight of the polymer. 

The composition according to the present invention nay contain an appropriate amount of inorganic filler if 
required. Examples of the inorganic fillers may include metal oxide sol such as silica gel, zirconia sol. alumina sol' or 
s titania sol. silica materials such as silica sand, quartz, novaculite. diatomaceous earth or synthetic arnorphous silica- 
silicates such as kaolinite, mica, wollastonite. asbestos, calcium siiicate. aluminum silicate, zeolite, sepiolite or silicalite' 
glass matenals such as glass powder, glass beads, glass bulbs, glass flakes, foamed ^ass beads or glass fibers- metal 
nitrides such as boron nitride, aluminum nitride, silicon nitride or titanium nitride; metal cartjides such as boron carbide 
aluminum carbide, silicon carbide or titanium carbide; metal borides such as titanium boride; metal carbonates such as 
10 calcium carbonate, magnesium carbonate or barium carbonate; metal oxides such as zinc oxide, alumina magnesia 
titania, zirconia or beryllium oxide; other inorganic compounds such as barium sulfate, molybdenum disulfide tungsteri 
sulfide or carbon fluoride: metal powder such as aluminum, bronze, lead, stainless steel or zinc; cartsonaceous materi- 
als such as carbon black, cokes, graphite, pyrolytic carbon or hollow carbon beads; or the like. As the inorganic fillers 
uttrafine particles of metal oxides such as zinc oxide, titanium oxide, aluminum oxide or zirconium oxide and silica sol 
IS are especially preferable. These inorganic fillers can be used singly or in the form of a mixture of any two or more 
thereof. These inorganic fillers may have various shapes such as short fbers. granules or flakes. The average particle 
diameter of the inorganic filler used is in the range of 0.001 to 100 jim, preferably 0.001 to 1 ^m 

The composition according to the present invention can further contain ordinary auxiliary components if required 
Examples of such auxiliary components may include pigments, leveling agents, anti-foaming agents, anti-static agents' 
» ultraviolet absorbing agents. pH-controlling agents, dispersing agents, surface-modifying agents, plasticizers drying- 
promoting agents, anti-sagging agents or the like. As the ultraviolet absorbing agents, zinc oxide, titanium oxide cerium 
oxide or the like can be preferably used. 

In order to produce a ceramic material from the powder polymer composition according to the present invention 
after being formed into a required shape, the shaped product is brought into contact with steam. The shaping of the 
powder composition can be carried out by conventionally known methods such as a method of compressing the com- 
position in a mow, a method of adhering a layer of the composition onto a surface of a solid body, or the like The 
shaped product may have a variety of shapes such as film, plate, container, block, bar or rod or cylinder 

Also, in order to produce a ceramic material from the liquid composition according to the present invention after 
being molded into a required shape, the shaped product is brought into contact with steam. The method of shaping the 
liquid composition can be carried out by conventionally known methods such as a method of shaping the composition 
in a iTokl and thereafter removing an organic solvent from the shaped product by vaporization thereof, a method of 
exfruding and shaping the composition by an extruder and thereafter removing an organic solvent from the shaped 
produd by vaporization thereof, a method of applying the composition onto a solid body to form a film thereon and 
thereafter removing an organic solvent from the film by vaporization thereof, or the like. The shaped product may be of 
35 vanous shapes such as film, fiber, plate, container, bar or rod or cylinder. ^ 

As tha method of applying the liquid composition (coating material) on a surface of the solid body there can be 
adopted various known methods such as immersion-coating, roll-coating, bar-coating, brush-coating spray-coatino 
web-coating such as gravure-coating. kiss roll-coating, kiss mayer bar-coating, die-coating or flexo-coati'ng rotary cod- 
ing, f tow-coating or the like. The surface of the solid body onto which the liquid composition is applied, is preferably sub- 
/° degreasng treatment or surface modifying treatments such as surface-roughening treatment to enhaiKe the 
adhesion between the surface of the solid body and the composition to be applied. 

As the method of bringing the thus-obtained shaped product made of the mixture of the polymer and the CPA into 
contact with steam, there can be adopted a method of bringing the shaped product into contact with steam ejected from 
a nozzle^ ^ ^ bringing the Shaped product into contact with a steam-containing gas such as air or a nitrogen 

gas. or the ike. The temperature at which the shaped product and steam are brought into contact with each other is in 
the range of 20 to SOO'C. preferably 20 to 20O'C, more preferably 30 to lOO'C. The preferred method of contacting the 
shaped product and steam with each other is the afore-mentioned method of bringing the shaped product into contact 
with the steam-containing air. The steam-containing air may have a relative humidity of 0.1 to 100 % preferably 10 to 
100 %. The shaped product and the eteanK»ntaining air are contacted with each other for a period of time enough to 
transform the shaped product into a ceramic material. An optimum time during which the shaped product and steam 
are contacted with each other is varied depending upon the contact temperature, the relative humidity in the atmos- 
phere in which the shaped product and steam are contacted with each other, or the like. For this reason an appropriate 
contact tme may be determined by conducting a simple preliminary experiment • 

The shaped product made of the mixture of the polymer and the CPA can be transformed into a ceramic material 
at a temperature as low as not more than 50»C. or only by allowing the shaped product to stand in an atmosphere 

By bringing the shaped product into contact with steam. Si-N bonds. Si-H bonds and N-H bonds in the polymers of 
the shaped product all are eliminated with the simultaneous formation of new Si-0 bonds, fliereby producing a SiO,- 
based ceramic material conposed primarily of Si-0 bonds. 

The powdery composition and the liquid composition according to the present invention can be adhered to a sur- 
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face of an optional solid body without any limitation. The solid bodies may be made of. for example, metal, plastic, glass, 
ceramic, wood, paper or the like. 

Examples of the metal may include copper, nickel, cobalt, palladium, platinum, iron. tin. solder, titanium, stainless 
steel, a nickel alloy or the like. ^ ,- ^ ui ^ 

The metal solid bodies may be solid products having various shapes such as film, fiber, bar or rod, cylinder or block. 
Specifically, the metal solid bodies may be various members such as mechanical components, electrical components 
and electronic components at least surface of which is made of metal. 

The plastic solid bodies may be those formed from various resins or polymers such as a thermoplastic resin, a ther- 
mosetting resin a photo-curable resin or a synthetic rubber. From the standpoint of a heat resistance and a solvent 
resistance, preferred plastic solid bodies may be those made of polyethylene terephthalate (PET), polyimide (PI; for 
example, a polycondensate of pyromellitic anhydride commercially available under the tradename "CAPTON". and 
diaminodiphenyl ether), polycarbonate (PC), a liquid aystal polymer, polypropylene, polyphenylene sulfide (PPS). pol- 
yethylene naphthalate (PEN), polyether sulfone (PES), polyether-imide (PEl). polyether-ether-ketone (PEEK), polyar- 
ylate (PAR), polystyrene, pdyamlde. polyamide-imide, polyvinyl chloride, polyester-based resins (e.g.. "ISARYr 
(registered trademark) produced by RONZA Corp.). an aaylic resin, polynorbomene-based resin (e.g.. "ARTON" (reg- 
istered trademark) produced by Nippon Synthetic Rubber Co.. Ltd.). ZEONEX (produced by Nippon Zeon Co.. Ltd. (reg- 
istered trademark)), cellulose acetate, aromatic polyamide, noifeornene-tjased polyolefin or the like. 

The plastic solid bodies may be solid products having various shapes such as film, plate, bar or rod. cylinder, con- 
tainer, block or fiber. Specifically, the plastic solid bodies may be various members such as mechanical components, 
electrical components and electronic components at least surface of which is made of a plastic material. 

The preferred plastic solid bodies are plastic films. The plastic films may be those formed from the afore-mentioned 
resins or polymers. These plastic films may be biaxially-stretched films or uniaxial ly-str etched films. The thickness of 
the film is not particularly restricted. In the case of films having an extremely small thickness, they can be supported on 
a substrate. Further, the plastic films can be subjected to surface-modifying treatments such as a corona-discharge 
treatment and a treatment with a silane-coupling agent or a surface-roughening treatment to enhance the adhesion 
between the composition and a surface of the solid body. 

In the case where the composition according to the present invention is used to form a ceramic film on the plastic 
film, the formation of the ceramic film can be rapidly carried out at a low temperature, so that the plastic film can be pre- 
vented from being damaged. , . J 

The glass solid bodies may be solid products having various shapes such as film, fiber, plate, bar or rod, cylinder. 

container or block. 

The ceramic solid bodies may be those formed from metal oxides such as silica, alumina. tJtania or zirconia; metal 
nitrides such as silicon nitride, aluminum nitride, boron nitride, titanium nitride or zirconium nitride: metal carbides such 
as silicon carbide, boron carbide, titanium carbide or zirconium carbide; metal borides such as zirconium bonde or tita- 
nium boride; a the like. ^ A' M 

The ceramic solid bodies may be solid products having various shapes such as film, plate, bar or rod, cylinder, con- 
tainer, block or fiber. ^ ^ 

The wood solid bodies may be solid products having various shapes such as plate, bar or rod. cylinder, container 

or block. • . *u 

Other processes for the production of a ceramic material according to the present inventon involve the process 
comprising impregnating the CPA into a shaped body made of silazane-based polymer but containing no CPA and 
bringing the shaped body Into contact with steam, and the process comprising bringing a shaped body made of sila- 
zane-based polymer and containing no CPA into contact with a CPA-containing aqueous solution or with vapor of the 
CPA and steam, separately or simultaneously. The impregnation of the CPA into the shaped body may be carried out in 
such a manner that a liquid or gaseous CPA is brought into contact with the shaped body. The shaped body made of 
the silazane-based polymer may be produced by a method in which the powdery polymer is subjected to a powder- 
molding method, a method in which an solution of the polymer is subjected to a solution-molding method, or the like. 

As the method for bringing the shaped body made of the silazane-based polymer unto contact with an aqueous 
solution of the CPA. there can be adopted a Immersion method in which the shaped body is immersed in the aqueous 
solution of the CPA. a spraying method in which the aqueous solution of the CPA is sprayed onto a surface of the 
shaped body through a nozzle, or the like. The concentration of the CPA in the aqueous solution is not particularly 
restricted as far as It is not less than 0.1 ppm by weight. The concentration of the CPA in the aqueous solution is pref- 
erably in the range 10 ppm by weight to 10 % by weight. 

As the method for bringing the shaped body made of the silazane-based polymer into contact with steam, there can 
be adopted a method in which the shaped body is brought into contact with a CPA vapor being ejected through a nozzle, 
a method in which a gas (e.g., air. a nitrogen gas or the like) containing the CPA vapor is brought into contact with the 
shaped body, a method In which a mixed vapor composed of the CPA vapor vaporized from the aqueous CPA solution 
and steam is brought into contact with the shaped body, or the like. The temperature at which the shaped body and the 
CPA vapor are brought into contact with each other, is In the range of 20 to SOO^C. preferably 20 to.200«C. more pref- 
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erably 30 to 1 0O^C. The time for which the shaped body and the CPA vapor are brought into contact with each other, is 
in the range of about 10 to about 60 minutes. It is preferred that the contact between the shaped body and the CPA 
vapor be conducted by the method of bringing the gas {e.g:, air, a nitrogen gas or the like) containing the CPA vapor is 
brought into contact with the shaped body. The concentration of the CPA vapor in the gas containing the CPA vapor is 

5 not particularly restricted but may be not less than 1 ppm by volume, preferably in the riange of 1 to 50 % by volume. 

The preferred method for generating the CPA vapor may be a method in which a earner gas such as air or a nitro- 
gen gas is blown into the aqueous CPA solution such that the solution is caused to be bubbled. According to this 
method, there can be produced a mixed gas composed of the CPA vapor, steam and the carrier gas. In this case, if the 
amine compound is used as the CPA, the concentration of the CPA in the aqueous CPA solution may be not less than 

70 10 ppm by weight, preferably in the range of 100 ppm by weight to 50 % by weight, more preferably 0.1 to 20 % by 
weight 

On the other hand, if the acid compound or the peroxide is used as the CPA, the concentration of the CPA in the 
aqueous CPA solution may be not less than 0.1 ppm by weight, preferably 10 ppm by weight to 10 % by weight, more 
preferably 100 ppm by weight to 1 % by weight The temperature of the CPA solution at which the carrier gas is blown 
15 thereinto is not particularly restricted but may be in the range of O^'C to a boiling point of the aqueous solution. 

As the method for bringing the shaped body into contact with steam, there can be adopted various method men- 
tioned above. 

In the case where the shaped body is brought into contact with the CPA vapor and steam, there can be adopted a 
method In which the shaped body is brought into contact first with the CPA vapor and then with steam, a method in 

20 which the shaped body is simultaneously brought into contact with the CPA vapor and steam, or the like. The simulta- 
neous contact of the shaped body with the CPA vapor and steam can be accomplished by bringing the mixed gas com- 
posed of the CPA vapor, steam and the can-ier gas, which is produced by blowing a bubbling gas into the aqueous CPA 
solution into contact with the shaped body. 

In the case where the shaped body is brought into contact with the CPA vapor and steam, the contact therebetween 

25 can be carried out by introducing the CPA solution and the steam into a drying zone in which an undried shaped body 
is dried. In this case, the drying of the shaped body can be performed simultaneously with the contact between the 
shaped body and the CPA vapor and between the shaped body and steam. 

As described above, the polymer constituting the shaped body can be transformed into a ceramic material by bring- 
ing the CPA vapor and the steam into contact with the shaped body. Further, the shaped body thus transformed into a 

30 ceramic material can be brought into contact with steam, water, an aqueous alkaline solution or an aqueous acid solu- 
tion, if required, to enhance the ceramic-transformation. 

One of the preferred embodiments of the present invention involves a process for forming a ceramic film as an insu- 
lating film or a protective film on a surface of each of various substrates or devices used in electronic products. In this 
case, as the process for forming the ceramic film, the afore-mentioned processes can be used. 

35 Exanples of the afore-mentioned substrates may include those for semiconductor devices or liquid crystal devices. 
As the substrates for semiconductor devices, semiconductor-mounting substrates, printed-wiring boards or the like are 
exemplified. These substrates may be silicon plates, glass plates, alumina plates, plastic films or the like. As the ele- 
ments used in the semiconductor device, semiconductor elements, capacitor elements, resistor elements or the like are 
exemplified. On the other hand, as the substrates for liquid crystal devices, display panels are exemplified. The display 

40 panels may be glass plates, silicon plates, plastic films or the like. As elements used in the liquid crystal devices, trans- 
parent electrode plates, pixel electrodes, color filters or the like are exemplified. In accordance with the present inven- 
tion, the transformation of the polymer into the ceramic film can be carried out at a temperature as low as not more than 
100*C, so that the ceramic film can be formed on a surface of each of these substrates or elements without damage 
thereto. 

45 Another prefen-ed embodiment of the present invention involves a process for forming a ceramic film on a surface 
of a plastic film. In this case, the formation of the ceramic film can be earned out by the afore-mentioned method. Since 
the process according to the present invention can be performed at a temperature as low as not more than 100'C, the 
ceramic film can be formed on the surface of the plastic film without damage thereto. 

A further preferred embodiment of the present invention involves the process for forming a ceramic film on a solid 

so product, which comprises the continuous steps of applying a coating material containing a silazane-based polymer on 
the solid product to form a film of the coating material on the solid product, drying the film of the coating material applied 
on the solid product to fomi a dried polymer f Hm. and transforming the polymer film into a ceramic material. The trans- 
formation of the polymer film into the ceramic film can be performed by the afore-mentioned method. That is. In the case 
where a coating material containing the sllazane-based polymer and the CPA is used as the coating material applied. 

ss the ceramic transformation process can be conducted by bringing the polymer film into contact with steam. On the other 
hand, in the case where a coating material containing no CPA is used as the coating material applied, the ceramic 
transformation process can be performed by bringing the polymer film into contact with either the aqueous CPA solution 
or the CPA vapor, and with steam separately or simultaneously. 

In accordance with the present invention, since the ceramic transformation process can be rapidly carried out at a 
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temperature as low as not more than 100«C. the ceramic film can be effectively formed not only on solid bodies having 
a high heat-resistance but also those having a deteriorated heat resistance. 

The afore-mentioned drying step and ceramic-transformation step can be carried out separately or simultaneously. 
As processes for performing these-two steps simultaneously, there can be adopted the following processes: 

5 

(1) In the case of the coating material containing CPA: 

In the case where the coating material containing both the polymer and the CPA is used, there can be adopted a 
process In which steam is introduced during the drying step to cause the film of the coating material to be dried in the 
10 presence of steam. This process enables both the drying step and the ceramic-transformation step to be conducted 
simultaneously In order to can-y out this process in a suitable manner, steam is introduced into a drying zone for drying 
the film of the coating material formed on the solid product, to adjust a relative humidity in the drying zone to a range of 
10 to 100 % RH, preferably 50 to 100 % RH, and then the solid product having the film of the coating material is passed 
through the drying zone for a residence time of 5 to 60 minutes. 

75 

(2) In the case of the coating material containing no CPA: 

In the case where the coating material containing no CPA is used, there can be adopted a process in which the 
vapor of the CPA and steam are introduced in the drying region and the film of the coating material is dried in the pres- 
to ence of the vapor of the CPA and steam. 

In order to carry out this method in a suitable manner, the CPA vapor and steam are introduced into the drying zone 
for drying the film of the coating material formed on the solid product, so as to produce the drying zone maintained at 
relative humidity of 10 to 100 % RH. preferably 50 to 100 % RH. and a temperature of 30 to lOO^C. and then the solid 
product having the film of the coating material is passed through the drying zone for a residence time of 5 to 60 minutes. 

25 When the CPA vapor and steam are introduced into the drying zone, they can be supplied separately or in the form 
of a mixed gas containing both the CPA vapor and steam. In order to obtain the mixed gas of the CPA vapor and steam, 
a earner gas can be blown into an CPA-containing aqueous solution to cause bubbling of the aqueous solution. When 
the carrier gas passes through the aqueous solution, the CPA vapor and steam are entrained by the carrier gas. The 
carrier gas containing the CPA vapor and steam is introduced into the drying zone to dry the film of the coating material. 

30 As the can-ier gases, there can be used inert gases such as a nitrogen gas, or air. 

In accordance with the present invention, the solid product is allowed to pass, in turn, through the coating process 
region , the drying process region and the ceramic transformation process region, thereby producing the solid product 
having the ceramic film. The thus-produced product whose surface is composed of the ceramic film may be further sub- 
jected to post-treatments such as a steam-contact treatment, a water-contact treatment, an acid-contact treatment or a 

35 basic compound-contact treatment, if required, to enhance the degree of ceramic-transformation of the ceramic film. 
Also, when the above-produced solid product whose surface is composed of the ceramic film is allowed to stand in an 
atmosphere, the degree of ceramic transformation of the ceramic film can be further enhanced. 

A still further preferred embodiment of the present invention involve a process which comprises the sequential 
steps of applying a coating material containing a silazane-based polymer on a surface of a solid body to form a film of 

40 the coating material on the solid body drying the film of the coating material to form a polymer film on thesolid body, 
adding a vapor or liquid of CPA into the polymer film by bringing the polymer film into contact with the vapor or liquid of 
CPA. and bringing the polymer film into contact with steam to transform the polymer film into the ceramic film. In this 
process, the drying step and the CPA-adding step can be conducted simultaneously by allowing the CPA to be present 
in the drying step. Similarly, the CPA-adding step and the ceramic-transformation step can be conducted simultane- 

45 ously by allowing steam to be present in the CPA-adding step. 

As the solid products, various kinds of solid members can be used. Especially, elongated plastic films can be 
advantageously used. In order to produce a ceramic film on one or both of opposite surfaces of the elongated plastic 
film, the plastic film is allowed to be transported, in turn, through a coating zone, a drying zone and a ceramic-trans for- 
mation zone. The thus-produced film product is wound into a roll. 

so The thickness of the ceramic film formed on the solid body is in the range of 50A to 5 ^m. preferably 1 00 A to 2 \im. 
When the thickness of the ceramic film is more than 5 fjim. the ceramic film tends to suffer from cracks and is also dete- 
riorated in flexibility. On the other hand, when the thickness of the ceramic film Is less than 50A, the ceramic film cannot 
exhibit a sufficient function. 

Further, the content of nitrogen in the ceramic film formed on the solid body Is in the range of 0,005 to 5 atomic %. 
55 When the content of nitrogen Is more than 5 atomic %. the degree of ceramic transformation of the ceramic film 
becomes insufficient, so that the ceramic film cannot exhibit a sufficient function. The content of nitrogen in the ceramic 
film can be controlled by varying the conditions of the ceramic transformation. 

When an amine compound is used as the CPA, a residue of the amine compound is occasionally present on the 
ceramic film. The amount of the residual amine compound in the ceramic film can be controlled by varying the sort of 
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amine compound used and the conditions of the ceramic transformation, thereby obtaining a film containing no residual 
amine compound. 

Examples: 

5 

The present invention is described in detail below by way of examples. However, these examples are not intended 
to limit the technical scope of the present invention. 

Reference Example 1 fSvnthesIs of psrhydrp p^l y^llazane): 

10 

A four-necked flask having a capacity of one liter was equipped with a gas feed pipe, a mechanical stin-er and a 
Dewar condenser. After an interior of the four-necked flask as a reactor was replaced with a deoxygenated dry nitrogen 
gas. 490 ml of deoxygenated dry pyridine was charged into the flask and the content in the flask was cooled with ice. 
Successively, when 51.9 g of dichlorosilane was added to the mixture in the flasK a white solid adducl 

15 (SiH2Cl2 • 2C5H5N) was produced. The resultant reaction mixture is cooled with ice and 51 .0 g of purified ammonia was 
blown into the flask through a sodium hydroxide pipe and an active carbon pipe while stimng. Thereafter, the mixture in 
the flask was heated at 100'*C. 

After completion of the reaction, the reaction mixture was removed by centrifugal separation and washed with dry 
pyridine. Further, the reaction mixture was filtered in a dry nitrogen atmosphere so that 850 ml of a filtrate was obtained. 

20 5 ml of the filtrate was placed under a reduced pressure to remove a solvent therefrom, so that 0. 1 02 g of resinous solid 
perhydropolysllazane was obtained. 

The thus-obtained polymer had a number-average molecular weight of 1,120 when measured according to a cry- 
oscopy (solvent: dry benzene). Also, the infra-red absorption spectrogram of the polymer (solvent: dry o-xylene; con- 
centration of perhydropolysilazane: 10.2 gVI) revealed that the absorptions occun'ed at a wave-number of 3390 (cm"^) 

25 and 1 180 based on N-H, at a wave-number of 2170 based on Si-H and at wave-number of 1040 to 800 based on Si-N- 
Si. respectively. 

Reference Example 2 rSvnthesis of PQlvm ethvl-fhvdrQVsilazan^]: 

30 A four-necked flask having a capacity of 500 milliliters was equipped with a gas feed pipe, a mechanical stirrer and 
a Dewar condenser. After an interior of the four-necked flask as a reactor was replaced with a deoxygenated dry nitro- 
gen gas. 24.3 g of methyl dichlorosilane (CHgSiHCIs: 0.221 mo!) and 300 ml of dry dichloromethane were charged into 
the flask. The resultant reaction mixture is cooled with ice and 20.5 g (1.20 mol) of dry ammonia in the form of a mixed 
gas with a nitrogen gas was blown into the flask while stirring to conduct ammonolysis of the reaction mixture. 

35 After completion of the reaction, the reaction mixture was removed by centrifugal separation and then filtered. The 
filtrate was placed under a reduced pressure to remove a solvent therefrom, so that 8.79 g of polymethyl(hydro)-sila- 
zane as a colorless liquid was obtained. 

The reaction product had a number average molecular weight of 310 when measured by cryosoope (solvent: dry 
benzene). 

40 Next, a four-necked flask having a capacity of 100 ml was equipped with a gas feed pipe, a thermometer, a con- 
denser and a dropping funnel. An interior of the reaction system was replaced with an argon gas. 12 ml of tetrahydro- 
furan and 0.1 89 g (4.71 mol) of potassium hydroxide were charged into the four-necked flask and then magnetic stimng 
of the mixture was initiated. 5.00 g of the above prepared-polymethyl(hydro)-silazane and 50 ml of dry tetrahydrofuran 
were charged into the dropping funnel and dropped through the dropping funnel in a mixed liquid of potassium hydrox- 
ys ide and tetrahydrofuran. After the mixture was reacted at room temperature for one hour. 1 .60 g (1 1 .3 mmol) of methane 
iodide and 1 ml of dry tetrahydrofuran were charged into the dropping funnel and dropped through the dropping funnel 
in the reaction solution. The reaction mixture is reacted at room temperature for three hours and then placed under a 
reduced pressure to remove a solvent therefrom. The reaction mixture was supplied with 40 ml of dry n-hexane and 
subjected to centrifugal separation. Successively, the reaction mixture was filtered to obtain a filtrate and then the filtrate 
so was placed under a reduced pressure to remove a solvent therefrom, so that 4.85 g of polymethyl(hydro)sila2ane as a 
white powder was obtained. 

The thus-obtained polymer had a numt>er-average molecular weight off 1.060. Also, the infra-red absorption spec- 
trogram of the polymer (solvent: dry o-xylene; concentration of polymethyl(hydro)sila2ane: 43.2 g/I) revealed that the 
absorptions oocun-ed at a wave-number of 3380 (cm"^) and 1 1 70 based on N-H. at a wave-number of 21 40 based on 
55 Si-H. and at wave-number of 1250 based on Si-CHs. 

Ck)mpqrgttive Example 1: 

Perhydropolysilazane synthesized In Reference Example 1 was dissolved in xylene to prepare a solution containing 
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20 wt % of perhydropolysilazane. The solution was applied onto a surface of a silicon wafer having a diameter of 4 
inches and a thickness of 0.5 mm by using a spin-coater (at 1000 rpm for 20 seconds) and then dried at room temper- 
ature for 30 minutes. It:was confirmed that the thus-prepared film exhibited a IR spectmm identical to that of the above- 
prepared perhydropolysilazane. Successively, the perhydropolysilazane-coated silicon substrate was placed in a 
5 thermo-hygrostat maintained at a temperature of SS^'C and a relative humidity of 80 % to conduct a moistening treat- 
ment thereof. 

The thus-obtained film was measured for IR spectrum. The Infra-red absorption spectrogram of the film revealed 
that the absorptions at a wave-number of 3350 (cm"^) and 1200 based on N-H. at a wave-number of 2190 based on Sl- 
H. and at wave-number of 1020 to 820 based on Si-N-SI still remained to a considerable exleni. 

JO 

Example 1 : 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved In xylene to prepare a solution containing 
20 wt. % of perhydropolysilazane. 20 mg of propionic acid and 500 mg of trtoutyl amine were gradually added to 10 g 

15 Of the solution at room temperature while stirring. The solution was applied onto a surface of a silicon wafer having a 
diameter of 4 inches and a thickness of 0.5 mm by using a spin-coater (at 1000 rpm for 20 seconds). The wafer was 
placed in a thermo-hygrostat maintained at a temperature of 50"C and a relative humidity of 80 % and subjected to 
moistening treatment for three hours. 

The thus-obtained film was measured for IR spectrum. The IR spectrum atlas of the film revealed that the absorp- 

20 tions at a wave-number of 3390 (cm "') and 1 180 based on N-H, at a wave-number of 21 70 based on Si-H. and at wave- 
number of 1040 to 800 based on Si-N-Si all were dissipated completely. Instead, it was confirmed that the absorption 
occurred at a wave-number of 3700 to 3100 based on 0-H and at wave-number of 1180 and 460 based on Si-O. 
respectively. 

The thus-obtained film was measured for an acid corrosion rate (etching rate) to evaluate a denseness thereof. The 
25 measurement revealed that the etching rate of the film was 1 . lOOA/min and therefore the film had a high denseness. 
The afore-mentioned etching rate of the film was determined as follows. 

A sample film was immersed in a corrosive liquid prepared by mixing 100 ml of 60 wt. % nitric acid and 1 ml of 50 
wt. % hydrofluoric acid, for 2 minutes. Thereafter, the thickness of the film was measured by an elipsometer to calculate 
reduction In thickness of the film. Based on the thus calculated reduction in thickness of the film, the etching rate (A/mIn) 
30 of the film was determined. 

Example 2: 

Polymethyl(hydro)silazane synthesized In Reference Example 2 was dissolved in xylene to prepare a solution oon- 
35 taining 20 wt. % of polymethyl(hydro)silazane. 20 mg of propionic acid and 500 mg of tributyl amine were gradually 
added to 10 g of the solution at room temperature while stirring. The solution was applied onto a surface of a silicon 
wafer having a diameter of 4 inches and a thickness of 0.5 mm by using a spin-coater (at 1000 rpm for 20 seconds) The 
wafer was placed in a thermo-hygrostat maintained at a temperature of SOX and a relative humidity of 80 % and sub- 
jected to moistening treatment for three hours. 
40 The thus-obtained film was measured for I R spearum. The IR spectrum atlas of the film revealed that the absorp- 
tions at a wave-number of 3380 (cm"^) and 11 70 based on N-H and at a wave-number of 2140 based on Si-H alt were 
dissipated completely. Instead, It was confirmed that the absorption occurred at a wave-number of 3700 to 3300 based 
on 0-H at a wave number of 1270 based on Si-CHs and at wave-number of 1 130 and 440 based on Si-O, respectively. 
The thus-obtained film was measured for an acid corrosion rate (etching rate) to evaluate a denseness thereof. The 
45 measurement revealed that the etching rate of the film was 1 .500A/min. 

Exanpie 3; 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved In xylene to prepare a solution containing 
so 20 wt. % of perhydropolysilazane. 20 mg of acetic acid and 500 mg of tributyl amine were gradually added to 10 g of 
the solution at room temperature while stirring. The solution was applied onto a surface of a silicon wafer having a diam- 
eter of 4 inches and a thickness of 0.5 mm by using a spin-coater (at 1000 rpm for 20 seconds) The wafer was placed 
In a thermo-hygrostat maintained at a temperature of 50*C and a relative humidity of 80 % and subjected to moistening 
treatment for three hours. 

55 The thus-obtained film was measured for IR spectrum. The IR spectrum atlas of the film revealed that the absorp- 
tions at a wave-number of 3390 (cm''') and 1 180 based on N-H, at a wave-number of 21 70 based on Si-H. and at wave- 
number of 1040 to 800 based on Si-N-Si all were dissipated completely. Instead, it was confirmed that the absorption 
occurred at a wave-number of 3700 to 3100 based on 0-H and at wave-number of 1190 and 460 based on Si-O, 
respectively. 
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The thus-obtained f Om was measured for an acid corrosion rate (etching rate) to evaluate a denseness thereof. The 
measurement revealed that the etching rate of the film was 1 .OOOAMiin. 

ExanplQ 4; 

5 

Perhydropolysllazane synthesized in Reference Example 1 was dissolved in xylene to prepare a solution containing 
20 wt. % of perhydropofysilazane. 20 mg of propionic acid and 500 mg of dipentyi amine were gradually added to 10 g 
of the solution at room temperature while stimng. The solution was applied onto a surface of a silicon wafer having a 
diameter of 4 inches and a thickness of 0.5 mm by using a spin-coater (at 1000 rpm for 20 seconds) The wafer was 

10 placed in a thermo-hygrostat maintained at a temperature of SO'^C and a relative humidity of 80 % and subjected to 
moistening treatment for three hours. 

The thus-obtained film was measured for IR spectaim. The IR spectrum atlas of the film revealed that the absorp- 
tions at a wave-number of 3390 (cm'^) and 1 1 80 based on N-H, at a wave-number of 21 70 based on Si-H. and at wave- 
number of 1040 to 800 based on Si-N-Si all were dissipated completely. Instead, it was confirmed that the absorption 

15 occun^ed at a wave-number of 3700 to 3000 based on 0-H and at wave-number of 1 180 and 460 based on Si-0. 
respectively 

The thus-obtained film was measured for an acid corrosion rate (etching rate) to evaluate a denseness thereof. The 
measurement revealed that the etching rate of the film was 1 ,200A/hiin. 

20 Example 5: 

Perhydropolysllazane synthesized in Reference Example 1 was dissolved In xylene to prepare a solution containing 
20 wt % of perhydropolysllazane. 100 mg of propionic add was gradually added to 10 g of the solution at room tem- 
perature while stimng. The solution vi«s applied onto a surface of a silicon wafer having a diameter of 4 inches and a 
25 thickness of 0.5 mm by using a spin-coater (at 1000 rpm for 20 seconds) The wafer was placed in a thermo-hygrostat 
nraintained at a temperature of 95^*0 and a relative humidity of 80 % and subjected to moistening treatment for five 
hours. 

The thus-obtained film was measured for IR spectrum. The IR spectrum atlas of the film revealed that the absorp- 
tions at a wave-number of 3390 (cm*^) and 1 1 80 based on N-H, at a wave-number of 21 70 based on Si-H, and at wave- 
30 number of 1 040 to 800 based on Si-N-Si were almost at! dissipated. Instead, it was confirmed that the weak absorption 
occurred at a wave-number of 2170 based on Si-H, and that the absorptions occun-ed at a wave-number of 3700 to 
3200 based on 0-H and at wave-number of 1 180 and 460 based on SI-0. respectively. 

Example g; 

35 

Perhydropolysllazane synthesized in Reference Example 1 was dissolved in xylene to prepare a solution containing 
20 wt. % of perhydropolysllazane. 50 mg of tripentyl amine was gradually added to 10 g of the solution at room temper- 
ature while stirring. The solution was applied onto a surface of a silicon wafer having a diameter of 4 inches and a thick- 
ness of 0.5 mm by using a spin-coater (at 1000 rpm for 20 seconds) The wafer was placed in a thermo-hygrostat 
40 maintained at a temperature of 95X and a relative humidity of 80 % and subjected to moistening treatment for one 
hour. 

The thus-obtained film was measured for IR spectrum. The IR spectrum atlas of the film revealed that the absorp- 
tions at a wave-number of 3390 (cm-^) and 1 180 based on N-H. at a wave-number of 21 70 based on Si-H, and at wave- 
number of 1040 to 800 based on Si-N-Si were almost all dissipated. Instead, it was confirmed that the weak absorption 
45 occun-ed at a wave-number of 21 70 based on Si-H, and that the absorption occurred at a wave-number of 3700 to 3000 
based on O-H and at wave-number of 1170 and 450 based on Si-0, respectively. 

Further, when FT-IR was integrated to reduce noises and the wave-number region near at 2900 cm"^ was magni- 
fied, it was confirmed that a weak absorption occun-ed at a wave-number of 2820 to 2950 cm'^ based on C-H of tripentyl 
amine. 

so 

Example 7: 

Perhydropolysllazane synthesized in Reference Example 1 was dissolved in xylene to prepare a solution containing 
20 wL % of perhydropolysllazane. The solution was applied onto a surface of a silicon wafer having a diameter of 4 
55 inches and a thickness of 0.5 mm by using a spin-coater (at 1000 rpm for 20 seconds) Next. 50 g of triethyl amine and 
950 g of pure water were charged in a 2000 ml beaker and heated while stirring to 50*C by a mantled heater. The silicon 
viafer on which perhydropolysllazane was coated, was Immersed in the liquid in the beaker for 15 minutes. 

The thus-obtained film was measured for IR spectmm. The IR spectrum atlas of the film revealed that the absorp- 
tions at a wave-number of 3390 (cm*^) and 1 1 80 based on N-H. at a wave-number of 21 70 based on Si-H. and at wave- 
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number of 1040 to 800 based on Si-N-Si were almost all dissipated. Instead. It was confirmed that the absorption 
occurred at a wave-number of 3600 to 3100 based on 0-H and at wave-number of 1000 to 1250 and 440 based on Si- 
O, respectively. 

The thus-obtained film was measured for an acid corrosion rate (etching rate) to evaluate a denseness thereof. The 
measurement revealed that the etching rate of the film was 2.500A/min. 

Examole 8: 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in xylene to prepare a solution containing 
20 wt. % of perhydropolysilazane. The solution was applied onto a surface of a silicon wafer having a diameter of 4 
inches and a thickness of 0.5 mm by using a spin-coater (at 1000 rpm for 20 seconds) Next. 50 g of n-butyl amine and 
950 g of pure water were charged in a 2000 ml beaker and stirred at room temperature .(20»C). The silicon wafer on 
which perhydropolysilazane was coated, was immersed in the aqueous solution in the beaker for one hour 

The thus-obtained film was measured for IR spectrum. The IB spectmm atlas of the film revealed that the absorp- 
tions at a wave-number of 3390 (cm '') and 1 1 80 based on N-H. at a wave-number of 21 70 based on Si-H. and at wave- 
number of 1040 to 800 based on Si-N-Si all were decreased. Instead, it was confirmed that the absorption occun-ed at 
a wave-number of 3600 to 3200 based on 0-H and at wave-number of 1000 to 1250 and 460 based on Si-O. respec- 
tively. ^ X -ru 
The thus-obtained film was measured for an acid corrosion rate (etching rate) to evaluate a denseness thereof. The 
20 measurement revealed that the etching rate of the film was 3,000 A/min. 

Example 9: 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in xylene to prepare a solution containing 
25 20 wt. % of perhydropolysilazane. The solution was applied onto a surface of a silicon wafer having a diameter of 4 
inches and a thickness of 0.5 mm by using a spin-coater (at 1000 rpm for 20 seconds) Next 5 g of acetic acid. 50 g of 
n-pentyl amine and 950 g of pure water were charged in a 2000 ml beaker and heated to 50*C by a mantled heater 
while stirring. The silicon wafer on which perhydropolysilazane was coated, was immersed in the aqueous solution in 
the beaker for one hour. 

30 The thus-obtained film was measured for IR spectrum. The IR spectrum atlas of the film revealed that the absorp- 
tions at a wave-number of 3390 (cm"'') and 1 180 based on N-H, at a wave-number of 21 70 based on Si-H. and at wave- 
number of 1040 to 800 based on Si-N-Si were almost all dissipated. Instead, it was confirmed that the absorption 
occurred at a wave-number of 3600 to 3100 based on 0-H and at wave-number of 1000 to 1250 and 440 based on Si- 
0, respectively. 

35 The thus-obtained film was measured for an acid corrosion rate (etching rate) to evaluate a denseness thereof. The 
measurement revealed that the etching rate of the film was 2.200A/min. 

Example 10: 

40 Perhydropolysilazane synthesized in Reference Example 1 was dissolved in xylene to prepare a solution containing 
20 wt. % of perhydropolysilazane. The solution was applied onto a surface of a silicon wafer having a diameter of 4 
Inches and a thickness of 0,5 mm by using a spin-coater (at 1000 rpm for 20 seconds) Next. 5 g of triethyl amine and 
95 g of pure water were charged in a 2000 ml beaker and heated to 50*^0 by a mantled heater while stirring. The silicon 
wafer on which perhydropolysilazane was coated, was suspended in a gas phase portion in the beaker for 30 minutes. 

45 The thus-obtained film was measured for IR spectrum. The IR spectrum atlas of the film revealed that the absorp- 
tions at a wave-number of 3390 (cm-"') and 1 180 based on N-H. at a wave-number of 21 70 based on Si-H. and at wave- 
number of 1040 to 800 based on St-N-Si were almost all dissipated. Instead, it was confirmed that the absorption 
occurred at a wave-number of 3600 to 3100 based on 0-H and at wave-number of 1000 to 1250 and 450 based on Si- 

O, respectively x -n. 

so The thus-obtained film was measured for an acid corrosion rate (etching rate) to evaluate a denseness thereof. The 
measurement revealed that the etching rate of the film was 2.200A/min. 

-Example 11: 

55 Perhydropolysilazane synthesized in Reference Example 1 was dissolved in xylene to prepare a solution containing 
20 wt. % of perhydropolysilazane. The thus-prepared solution was applied onto a surface of a silicon wafer having a 
diameter of 4 inches and a thickness of 0.5 mm by using a spin-coater (at 1000 rpm for 20 seconds) Separately, 1000 
g of 30 % hydrogen peroxide was charged in a 2000 ml beaker and heated to 50^C by a mantled heater while stirring. 
The silicon wafer on which perhydropolysilazane was coated, was immersed in the aqueous hydrogen peroxide solution 
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in the beaker for 30 minutes. 

The thus-obtained film was measured for IR spectrum. The IR spectrum atlas of the film revealed that almost all of 
■ the absorptions al a wave-number of 3390 (cm""') and 1 1 80 based on N-H, at a wave-number of 21 70 based on Si-H, 
and at wave-number of 1040 to 800 based on Si-N-Si were dissipated. Instead, it was confirmed that the absorption 
5 occunred at a wave-number of 3600 to 2900 based on O-H and at wave-number of 1000 to 1300 and 450 based on Si- 
O, respectively. 

The thus-obtained f flm was measured for an acid corrosion rate (etching rate) to evaluate a denseness thereof. The 
measurement revealed that the etching rate of the film was 2.000A/i7iin. 

10 Reference Example 3 rSvnthesis of polv methvlfhvdrn).silp T^nft]: 

A four-necked flask having a capacity of 500 milliliters was equipped with a gas feed pipe, a mechanical stirrer and 
a Dewar condenser. After an interior of the four-necked flask as a reactor was replaced with dry deoxygenated nitrogen, 
24.3 g (0.221 mol) of methyl dichlorosilane (CHaSIHCy and 300 ml of dry dichlorosilane were charged into the fbur- 
15 necked flask. The resultant reaction mixture is cooled with ice and 20.5 g (1.20 mol) of dry ammonia together with a 
nitrogen gas was blown into the flask while stimng. 

After completion of the reaction, the reaction mixture was subjected to centrifugal separation and then filtered. The 
filtrate was placed under a reduced pressure to remove a solvent therefrom, so that 8.79 g of polymethyI(hydro)-sila- 
zane as a colorless liquid was obtained. 

20 

Comparative Example 2: 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in decahydronaphthalene to prepare a 
solution containing 20 wt. % of perhydropolysilazane. The solution was spin-coated onto surfaces of a silicon plate and 

25 a glass plate at 3000 rpm for 20 seconds in an atmosphere {2S^C, 50 % RH). These silicon and glass plates were 
placed in a thermo-hygrostat maintained at a temperature of 95*'C and a relative humidity of 80 % and subjected to 
moistening treatment for ten hours. The thus-obtained film was measured for an acid corrosion rate (etching rate) to 
evaluate a denseness thereof. The measurement revealed that the etching rate of the films was not less than 10.000 
A/min. Further, the obtained films were observed by a microscope (x 1 20). The observation revealed that the films had 

30 many irregularities thereon and therefore were uneven In quality. 

Ck)mparative Example 3r 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in decahydronaphthalene to prepare a 
35 solution containing 20 wt. % of perhydropolysilazane. The solution was spin-coated onto surfaces of a silicon plate and 
a glass plate at 3000 rpm for 20 seconds in an atmosphere (25*'C, 50 % RH). These plates were heated on a hot plate 
maintained at 250''C for 3 minutes. At this time, a large amount of smoke was generated and the weight of each of the 
respective films on the silicon and glass plates after heating was 75 % of that before heating. Further, the films on the 
respective plates were calcined at 450'C for one hour in an atmosphere. The thus-obtained films were measured for an 
40 acid corrosion rate (etching rate) to evaluate a denseness thereof. The measurement revealed that the etching rate of 
each of the films was not less than 10,000 A/min. Further, the obtained films were obsen/ed by a microscope (x 120). 
The observation revealed that the films had many Irregularities and spherical pores (1 to 10 \irr\) and therefore were 
uneven in quality. 

4S Comparative Example 4: 

Polymethyl(hydro)sllazane synthesized in Reference Example 3 was dissolved in xylene to prepare a solution con- 
taining 20 wt. % of polymethyl(hydro)silazane. The solution was spin-coated onto surfaces of a silicon plate and a glass 
plate at 3000 rpm for 20 seconds in an atmosphere (25*C, 50 % RH). These silicon and glass plates were placed in a 
so thermo-hygrostat maintained at a temperature of 95*'C and a relative humidity of 80 % and subjected to moistening 
treatment for ten hours. The thus-obtained films were measured for an acid corosion rate (etching rate) to evaluate a 
denseness thereof. The measurement revealed that the etching rate of each of the films was not less than 10,000 
A/min. Further, the obtained films were observed by a microscope (x 1 20). The observation revealed that the films had 
many Irregularities thereon and therefore were uneven in quality. 

55 ' 

Comparative Example 5: 

Polymethyl(hydro)silazane synthesized in Reference Example 3 was dissolved in xylene to prepare a solution con- 
taining 20 wt. % of polymethyl{hydro)silazane. The solution was spin-coated onto surfaces of a silicon plate and a glass 
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plate at 3000 rpm for 20 seconds In an atmosphere (25*C. 50 % RH). These plates were heated on a hot plate main- 
tained at ZSO'^C for 3 minutes in an atmosphere (25*'C, 50% RH). 

At this time, a large amount of smoke was generated and the weight of each of the respective films on the silicon 
and glass plates after heating was 75 % of that before heating. Further, the films on the respective plates were calcined 
5 at 450*^0 for one hour in an atmosphere. The thus-obtained films were measured for an add corrosion rate {etching 
rate) to evaluate a denseness thereof. The measurement revealed that the etching rate of each of the films was 1 2.000 
A/min. Further, the obtained fflms were observed by a microscope (x 120). The observation revealed that the films had 
many in-egularities and spherical pores (1 to 10 jim) and therefore were uneven In quality. 

10 Example 12: 

Perhydropolysilazane synthesized In Reference Example 1 was dissolved In decahydronaphthalene to prepare a 
solution containing 20 wt % of perhydropolysilazane. 200 mg of tri-n-pentyl amine was gradually added to 10 g of the 
solution at room temperature while stining. The thus-obtained solution was spin-coated onto surfaces of a silicon piate 

75 and a glass plate at 3000 rpm tor 20 seconds in an atmosphere (25"C. 50 % RH). These plates were placed in a 
thermo-hygrostat maintained at a temperature of 95**C and a relative humidity of 80 % and subjected to moistening 
treatment for one hour. The thus-obtained films were measured for an acid corrosion rate (etching rate) to evaluate a 
denseness thereof. The measurement revealed that the etching rate of each of the films was 1 ,500 A/min. Further, the 
obtained films were obsenred by a microscope (x 120). The observation revealed that the films had no irregularities 

20 thereon and therefore were uniform In quality. 

Example 13: 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in decahydronaphthalene to prepare a 
25 solution containing 20 wt. % of perhydropolysilazane. 200 mg of tri-n-pentyl amine was gradually added to 10 g of the 
solution at room temperature while stirring. The thus-obtained solution was spin-coated onto surfaces of a silicon plate 
and a glass plate at 3000 rpm for 20 seconds in an atmosphere (25°C. 50 % RH). The silicon and glass plates were 
heated on a hot plate maintained at 250*^0 for 3 minutes in an atmosphere (25''C. 50 % RH). At this time, no smoke was 
generated and the weight of each of the films on the silicon and glass plates after heating was 1 02 % of that before heat- 
30 ing. Further, these plates were calcined at 450^0 for one hour in an atmosphere. The thus-obtained films were meas- 
ured for an acid corrosion rate (etching rate) to evaluate a denseness thereof. The measurement revealed that the 
etching rate of each of the films was 800 A/min. Further, the obtained films were obsen/ed by a microscope (x 1 20). The 
obsen/ation revealed that the films had no irregularities and no spherical pores and therefore were uniform in quality. 

35 Example 14: 

Polymethyl(hydro)sila2ane synthesized in Reference Example 3 was dissolved In xylene to prepare a solution con- 
taining 20 wt. % of polymethyl(hydro)silazane. 200 mg of tri-n-pentyl amine was gradually added to 10 g of the solution 
at room temperature while stirring. The thus-obtained solution was spin-coated onto surfaces of a silicon plate and a 

40 glass plate at 3000 rpm for 20 seconds in an atmosphere (25*'C, 50 % RH). These plates were placed in a thermo- 
hygrostat maintained at a temperature of 95*^0 and a relative humidity of 80 % and subjected to moistening treatment 
for one hour. The thus-obtained films were measured for an add corrosion rate (etching rate) to evaluate a denseness 
thereof. The measurement revealed that the etching rate of each of the films was 1.600 A/min. Further, the obtained 
films were observed by a microscope (x 1 20). The observation revealed that the films had no in-egularities and therefore 

45 were uniform in quality. 

Example ig: 

Polymethyl(hydro)silazane synthesized in Reference Example 3 was dissolved in xylene to prepare a solution con- 
so taining 20 wt. % of polymethyl(hydro)sila2ane. 200 mg of tri-n-pentyl amine was gradually added to 10 g of the solution 
at room temperature while stirring. The thus-obtained solution was spin-coated onto surfaces of a silicon plate and a 
glass plate at 3000 rpm for 20 seconds in an atmosphere (25'»C. 50 % RH). These plates were heated on a hot piate 
maintained at 250°C for 3 minutes in an atmosphere (25^C. 50 % RH). At this time, no smoke was generated and the 
weight of each of the films on the silicon and glass plates after heating was 99 % of that before heating. Further, these 
55 plates were caldned at 450*^0 for one hour in an atmosphere. The thus-obtained films were measured for an acid cor- 
rosion rate (etching rate) to evaluate a denseness thereof. The measurement revealed that the etching rate of each of 
the films was 1.100 A/min. Further, the obtained films were observed by a microscope (x 120). The observation 
revealed that the films had no irregularities and no spherical pores (1 to 10 jim) and therefore were uniform in quality. 
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Example ig: 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in decahydronaphthalene to prepare a 
solution containing 20 wt. % of perhydropolysilazane. 20 mg of propionic acid and 500 mg of dibutyl amine were grad- 

5 ually added to 10 g of the solution at room temperature while stinring. The thus-obtained solution was spin-coated onto 
surfaces of a silicon plate and a glass plate at 3000 rpm for 20 seconds in an atmosphere (25*»C, 50 % RH). These 
plates were placed in a thermo-hygrostat maintained at a temperature of 95^*0 and a relative humidity of 80 % and sub- 
jected to moistening treatment for one hour. The thus-obtained films were measured for an add corrosion rate (etching 
rate) to evaluate a denseness thereof. The measurement revealed that the etching rate of each of the films was 1 .500 

10 A/min. Further, the obtained films were observed by a microscope (x 1 20). The observation revealed that the films had 
no irregularities and therefore were uniform in quality. 

Example 1 7: 

75 Perhydropolysilazane synthesized In Reference Example 1 was dissolved in decahydronaphthalene to prepare a 
solution containing 20 wt. % of perhydropolysilazane. 20 mg of propionic acid and 500 mg of dibutyl amine were grad- 
ually added to 10 g of the solution at room temperature while stimng. The thus-obtained solution was spin-coated onto 
surfaces of a silicon plate and a glass plate at 3000 rpm for 20 seconds in an atmosphere (25*0. 50 % RH). These 
plates were heated on a hot plate maintained at 250"C for 3 minutes in an atmosphere (25*C. 50 % RH). At this time, 

20 no smoke was generated and the weight of each of the films on the silicon and glass plates after heating was 1 01 % of 
that before heating Further, these plates were calcined at 450'C for one hour in an atmosphere. The thus-obtained films 
were measured for an acid corrosion rate (etching rate) to evaluate a denseness thereof. The measurement revealed 
that the etching rate of each of the films was 700 A/min. Further, the obtained films were observed by a microscope (x 
120). The observation revealed that the films had no irregularities and no spherical pores (1 to 10 urn) and therefore 

25 were uniform in quality. 

Example 18: 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in decahydronaphthalene to prepare a 
30 solution containing 20 wt. % of perhydropolysilazane. 20 mg of acetic acid and 300 mg of tributyl amine were gradually 
added to 10 g of the solution at room temperature while stimng. The thus-obtained solution was spin-coated onto sur- 
faces of a silicon plate and a glass plate at 3000 rpm for 20 seconds in an atmosphere (25*C. 50 % RH). These plates 
were placed in a thenno-hygrostat maintained at a temperature of 95*C and a relative humidity of 80 % and subjected 
to moistening treatment for one hour. The thus-obtained fflms were measured for an add corrosion rate (etching rate) 
35 to evaluate a denseness thereof. The measurement revealed that the etching rate of each of the films was not less than 
1,400 A/min. Further, the obtained films were observed by a microscope (x 120). The observation revealed that the 
films had no irregularities and therefore were uniform in quality. 

Example 1?: 

40 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in decahydronaphthalene to prepare a 
solution containing 20 wt. % of perhydropolysilazane. 20 mg of acetic acid and 300 mg of tributyl amine were gradually 
added to 10 g of the solution at room tenperature while stirring. The thus-obtained solution was spin-coated onto sur- 
faces of a silicon plate and a glass plate at 3000 rpm for 20 seconds in an atmosphere (25**C, 50 % RH). These plates 

45 were heated on a hot plate maintained at 250°C for 3 minutes In an atmosphere {25'*C, 50 % RH). At this time, no 
smoke was generated and the weight of each of the films on the silicon and glass plates after heating was 104 % of that 
before heating. Further, these plates were calcined at 450**C for one hour in an atmosphere. The thus-obtained films 
were measured for an acid corrosion rate (etching rate) to evaluate a denseness thereof. The measurement revealed 
that the etching rate of each of the films was 850 AAnin. Further, the obtained films were observed by a microscope (x 

so 120). The observation revealed that the films had no irregularities and no spherical pores (1 to 10 jim) and therefore 
were uniform in quality. 

Example 20: 

55 Perhydropolysilazane synthesized In Reference Example 1 was dissolved in decahydronaphthalene to prepare a 
solution containing 20 wt % of perhydropolysilazane. The thus-obtained solution was spin-coated onto surfaces of a 
silicon plate and a glass plate at 3000 rpm for 20 seconds in an atmosphere (25*C. 50 % RH). Next. 50 g of triethyl 
amine and 950 g of pure water were charged in a 2000 ml beaker and heated while stimng to 50'C by a mantled heater. 
The silicon or glass plate on which perhydropolysilazane was coated, was immersed in the thus-prepared solution for 
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15 minutes. The thus-obtained films were measured for an add corrosion rate (etching rate) to evaluate a denseness 
thereof. The measurement revealed that the etching rate of each of the films was 2.300 A/min. Further, the obtained 
films were observed by a microscope (x 1 20). The observation revealed that the films had no in-egularlties anfi therefore 
were uniform in quality. 

5 

Example 21 : 

Perhydropolysllazane synthesized In Reference Example 1 was dissolved in decahydronaphthalene to prepare a 
solution containing 20 wt. % of perhydropolysilazane. The thus-obtained solution was spin-coated onto surfaces of a 

TO silicon plate and a glass plate at 3000 rpm for 20 seconds in an atmosphere (25»C. 50 % RH). Next, 50 g of triethyl 
amine and 950 g of pure water were charged In a 2000 ml beaker at room temperature. These silicon and glass plates 
on which the above-prepared perhydropolysilazane was coated, were immersed in the thus-obtained solution for 5 sec- 
onds. These plates were heated on a hot plate maintained at 250^C for 3 minutes in an atmosphere (25°C. 50 % RH). 
At this time, no smoke was generated and the weight of each of the films on the silicon and glass plates after heating 

15 was 106 % of that before heating. Further, these plates were calcined at ASO^'C for one hour in an atmosphere. The 
thus-obtained films were measured for an acid con-oslon rate (etching rate) to evaluate a denseness thereof. The meas- 
urement revealed that the etching rate of each of the films was 1 .000 A/min. Further, the obtained films were observed 
by a microscope (x 120). The observation revealed that the films had no inregularities and no spherical pores (1 to 10 
\ivni) and therefore were uniform in quality. 

20 

Example 22: 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in decahydronaphthalene to prepare a 
solution containing 20 wft. % of perhydropolysilazane. The thus-prepared solution was spin-coated onto surfaces of a 

25 silicon plate and a glass plate at 3000 rpm for 20 seconds in an atmosphere (25'C. 50 % RH). Next. 50 g of n-butyl 
amine and 950 g of pure water were charged in a 2000 ml beaker and stirred at room temperature (20*C). These silicon 
and glass plates on which the above-prepared perhydropolysilazane was coated, were immersed in the thus-obtained 
aqueous solution for one hour. The thus-obtained films were measured for an add corrosion rate (etching rate) to eval- 
uate a denseness thereof. The measurement revealed that the etching rate of each of the films was 2.800 A/min. Fur- 

30 ther, the obtained films were observed by a microscope (x 120). The observation revealed that the films had no 
irregularities and therefore were uniform in quality. 

Example 23: 

35 Perhydropolysilazane synthesized in Reference Example 1 was dissolved in decahydronaphthalene to prepare a 
solution containing 20 wt. % of perhydropolysilazane. The thus-prepared solution was spin-coated onto surfaces of a 
silicon plate and a glass plate at 3000 rpm for 20 seconds in an atmosphere (25^C. 50 % RH). Next. 5 g of triethyl amine 
and 95 g of pure water were charged in a 2000 ml beaker and heated to 50*C by a mantled heater while stirring. The 
silicon and glass plates on which the above-prepared perhydropolysilazane was coated, were suspended in a gas 

40 phase portion in the beaker for 30 minutes. The thus-obtained films were measured for an acid con-oslon rate (etching 
rate) to evaluate a denseness thereof. The measurement revealed that the etching rate of each of the films was 1.900 
A/min. Further, the obtained f flms were obsen^ed by a microscope (x 120). The observation revealed that the f flms had 
no Irregularities and therefore were uniform in quality. 

45 Example 24: 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in decahydronaphthalene to prepare a 
solution containing 20 wi. % of perhydropolysilazane. The thus-prepared solution was spin-coated onto surfaces of a 
silicon plate and a glass plate at 3000 rpm for 20 seconds in an atmosphere (25°C. 50 % RH). Next, 5 g of triethyl amine 

so and 95 g of pure water were charged in a 2000 ml beaker at room temperature. The silicon and glass plates on which 
the above-prepared perhydropolysilazane was coated, were suspended in a gas phase portion in the beaker for 1 0 sec- 
onds. These plates were heated on a hot plate maintained at 250*C for 3 minutes in an atmosphere (25*C, 50 % RH). 
At this time, no smoke was generated and the weight of each of the films on theses plates after heating was 101 % of 
that before heating. Further, these plates were calcined at 450^0 for one hour in an atmosphere. The thus-obtained 

55 films were measured for an acid corrosion rate (etching rate) to evaluate a denseness thereof. The measurement 
revealed that the etching rate of each of the films was 800 A/min. Further, the obtained films were observed by a micro- 
scope (x 120). The observation revealed that the fflms had no irregularities and no spherical pores (1 to 10 |im) and 
therefore were uniform in quality. 
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Example 25: 

Perhydropolysllazane synthesized In Reference Example 1 was dissolved in decahydronaphthalene to prepare a 
solution containing 20 wt. % of perhydropolysilazane. The thus-prepared solution was spin-coated onto surfaces of a 

5 silicon plate and a glass plate at 3000 rpm for 20 seconds in an atmosphere (25*C. 50 % RH). Next, 1 .000 g of 30 wt. 
% hydrogen peroxide aqueous solution was charged in a 2000 ml beaker and healed to 50*C by a mantled heater while 
stirring. The silicon and glass plates on which the above-prepared perhydropolysllazane was coated, were immersed in 
the hydrogen peroxide aqueous solution for 30 minutes. The thus-obtained films were measured for an acid corrosion 
rate (etching rate) to evaluate a denseness thereof. The measurement revealed that the etching rate of each of the films 

10 was 1,700 A/min. Further, the obtained films were observed by a microscope (x 120). The observation revealed that the 
films had no irregularities and no spherical pores (1 to 10 ^m) and therefore were uniform in quality. 

Example 26: 

15 Perhydropolysilazane synthesized in Reference Example 1 was dissolved in decahydronaphthalene to prepare a 
solution containing 20 wt. % of perhydropolysilazane. The thus-prepared solution was spin-coated onto surfaces of a 
silicon plate and a glass plate at 3000 rpm for 20 seconds in an atmosphere (25**C. 50 % RH). Next, 1,000 g of 30 wt 
% hydrogen peroxide aqueous solution was charged in a 2000 ml beaker at room temperature. The silicon and glass 
plates on which the above-prepared perhydropolysilazane was coated, were suspended in a gas phase portion in the 

20 beaker for 10 seconds. These plates were heated on a hot plate maintained at 250^C for 3 minutes in an atmosphere 
(25«*C, 50 % RH). At this time, no smoke was generated and the weight of each of the films on these plates after heating 
was 105 % of that before heating. Further, these plates were calcined at 450**C for one hour in an atmosphere. The 
thus-obtained films were measured for an acid con^osion rate (etching rate) to evaluate a denseness thereof. The meas- 
urement revealed that the etching rate of each of the films was 700 A/min. Further, the obtained films were observed 

25 by a microscope (x 120). The observation revealed that the films had no in-egularities and no spherical pores (1 to 10 
\m) and therefore were uniform in quality. 

Example 27; 

30 Perhydropolysilazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solution. Acetic acid was gradually added to the solution at room temperature while stin-ing to prepare a 
solution containing 5 wt. % of acetic acid. The solution was applied onto one surface of a polyethylene terephthalate 
(PET) film substrate having a thickness of 75 (im. a width of 60 cm and an overall length of 300 m and being transported 
at a rate of 2 m/min. according to a gravure coating method (reverse-roL coating method: roll # 80). 

35 Successively, the film substrate coated was passed through a drying zone (maintained at 80^C and a relative 
humidity of 70 % and having an interior transportation distance of 10 m) Into which steam was introduced, at the same 
transportation rate as described above, to obtain a dry polysilazane film on the film substrate (residence time: 5 min- 
utes). 

The polysilazane^ated film substrate having passed through the drying zone was further transported through a 
40 moistening furnace maintained at 95°C and a relative humidity of 80 % and having an interior transportation distance 
of 60 m at the same transportation rate as described above, to expose the polysilazane film to a steam-containing 
atmosphere for 30 minutes. 

Example 28: 

45 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solution. Propionic acid was gradually added to the solution at room temperature while stirring to prepare 
a solution containing 5 wt % of propionic acid. The solution was applied onto one surface of a polyether sulfone (PES) 
film substrate having a thickness of 75 fim, a width of 60 cm and an overall length of 300 m and being transported at a 
so rate of 2 m/min. according to a gravure coating method (reverse-roll coating method: roll # 80). 

Successively, the film substrate coated was passed through a drying zone (maintained at SO^'C and a relative 
humidity of 70 % and having an interior transportation distance of 10 m) into which steam was introduced, at the same 
transportation rate as described above, to form a dry polysilazane film on the film substrate (residence time: 5 minutes). 
The polysitazane-coated film substrate having passed through the drying zone was further transported through a 
55 moistening furnace maintained at 95**C and a relative humidity of 80 % and having an interior transportation distance 
of 60 m, at the same transportation rate as described above, to expose the polysilazane film to a steam-containing 
atmosphere for 30 minutes. 
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Example 29: 

Perhydropoiysllazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysllazane solution. Stearic acid was gradually added to the solution at room temperature while stin-ing to prepare a 
5 solution containing 5 wL % of stearic acid. The solution was applied onto one surface of a polyarylate (PAR) film sub- 
strate having a thickness of 75 ^im, a width of 60 cm and an overall length of 300 m and being transported at a rate of 
2 m/min, according to a gravure coating method (reverse-roll coating method: roll # 80). 

Successively, the film substrate coated was passed through a drying zone (maintained at SO'^C and a relative 
humidity of 70 % and having an interior transportation distance of 10 m) Into which steam was introduced, at the same 
10 transportation rate as described above, to form a dry polysllazane film on the film substrate (residence time: 5 minutes) . 

The polysilazane-coated film substrate having passed through the drying zone was further transported tlirough a 
moistening furnace maintained at 95°C and a relative humidity of 80 % and having an interior transportation distance 
of 60 m. at the same transportation rate as described above, to expose the polysllazane film to a steam-containing 
atmosphere for 30 minutes. 

15 

^xampig 30; 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solution. Trimethyl amine was gradually added to the solution at room temperature while stirring to prepare 
20 a solution containing 25 wt. % of trimethyl amine. The solution was applied onto one surface of a triacetate (TAG) film 
substrate having a thickness of 80 |im, a width of 60 cm and an overall length of 300 m and being transported at a rate 
of 2 m/min, according to a gravure coating method (reverse-roll coating method: roll # 80). 

Successively, the film substrate coated was passed through a drying zone (maintained at 80*C and a relative 
humidity of 70 % and having an Interior transportation distance of 10 m) into which steam was introduced, at the same 
25 transportation rate as described above, to form a dry polysilazane film on thefilm substrate (residence time: 5 minutes). 
The polysilazane-coated film substrate having passed through the drying zone was rolled up. Thereafter, while 
being unrolled, the polysilazane-coated film substrate was again transported through the drying zone at a rate of 1 
m/min. to expose the polysilazane film to a steam-containing atmosphere for 10 minutes. 

30 Example 31: 

Perhydropolysilazane synthesized In Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solution. Tripentyl amine was gradually added to the solution at room temperature while stirring to prepare 
a solution containing 25 wt. % of tripentyl amine. The solution was applied onto one surface of a polyethylene tereph- 

35 thalate (PET) film substrate having a thickness of 75 |im. a width of 60 cm and an overall length of 300 m and being 
transported at a rate of 2 m/min, according to a gravure coating method (reverse-roll coating method: roll # 80). 

Successively, the film substrate coated was passed through a drying zone (maintained at 80"C and a relative 
humidity of 70 % and having an interior transportation distance of 10 m) into virtiich steam was introduced, at the same 
transportation rate as desalbed above, to form a dry polysilazane film on thefilm substrate (residence time: 5 minutes). 

40 The polysilazane-coated film substrate having passed through the drying zone was rolled up. Thereafter. whBe 
being unrolled, the polysilazane-coated film substrate was again transported through the drying zone at a rate of 1 
m/min. to expose the polysllazane film to a steam-containing atmosphere for 10 minutes. 

Example 32: 

45 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solution. Normal-octyl amine was gradually added to the solution at room temperature while stirring to pre- 
pare a solution containing 25 wt. % of n-octyl amine. The solution was applied onto one surface of a polyether suHone 
(PES) film substrate having a thickness of 75 jim, a width of 60 cm and an overall length of 300 m and being transported 
so at a rate of 2 m/min, according to a gravure coating method (reverse-roll coating method: roll # 80). 

Successively, the film substrate coated was passed through a drying zone (maintained at 80*C and a relative 
humidity of 70 % and having an interior transportation distance of 10 m) into vihich steam was introduced, at the same 
transportation rate as described above, to form a dry polysilazane film on the film substrate (residence time: 5 minutes) . 
The polysilazane-coated film substrate having passed through the drying zone was rolled up. Thereafter, while 
55 being unrolled, the polysilazane-coated film substrate was again transported through the drying zone at a rate of 1 
m/min, to expose the polysilazane film to a steam-containing atmosphere for 10 minutes. 
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Example 33: 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved 'in m-xylene to prepare a 12 wt. % 
polysilazane solution. Propionic add and di-n-butyl amine were gradually added to the solution at room temperature 

5 while stirring to prepare a solution containing 1 wl. % of propionic acid and 10 wt. % of di-n-butyl amine. The solution 
was applied onto one surface of a polyether sulfbne (PES) film substrate having a thickness of 75 >im, a width of 60 cm 
and an overall length of 300 m and being transported at a rate of 2 m/min, according to a gravure coating method 
(reverse-roll coating method: roll # 80). 

Successively, the film substrate coated was passed through a drying zone (maintained at 80*C and a relative 

w humidity of 70 % and having an interior transportation distance of 10 m) into which steam was introduced, at the same 
transportation rate as described above, to fomi a dry polysilazane film on the film substrate (residence time: 5 minutes). 
The polysllazane-coated film substrate having passed through the drying zone was rolled up. Thereafter, while being 
unrolled, the polysiiazane-coated film substrate was again transported through the drying zone at a rate of 1 m/min, to 
expose the polysilazane film to a steam-containing atmosphere for 10 minutes. 

15 

Example 34: 

Perhydropolysilazane synthesized In Reference Example 1 was dissolved In m-xylene to prepare a 12 wt. % 
polysilazane solutioa The solution was applied onto one surface of a polyethylene terephthalate (PET) film substrate 
20 having a thickness of 75 ^im, a width of 60 cm and an overall length of 300 m and being transported at a rate of 5 m/hiin, 
according to a gravure coating method (reverse-roll coating method: roll # 80). 

Successively, the film substrate coated was passed through a drying zone (maintained at 25''C and a relative 
humidity of 60 % and having an interior transportation distance of 5 m) in which zone a vapor of hydrogen peroxide 
evaporated from a 30 wt. % hydrogen peroxide aqueous solution was present, at the same transportation rate as 
25 described above, to dry the polysilazane film on the film substrate and expose the film to the vapor of hydrogen peroxide 
(residence time: 1 minute). 

The polysiiazane-coated film substrate having passed through the drying zone was further transported through a 
moistening furnace maintained at 95*0 and a relative humidity of 8.0 % and having an interior transportation distance 
of 25 m. at the same transportation rate as described above, to expose the polysilazane film to a steam-containing 
30 atmosphere for 5 minutes. 

Example 3S: 

Perhydropolysilazane synthesized In Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
35 polysilazane solution. The solution was applied onto one surface of a polyether sulfone (PES) film substrate having a 
thickness of 75 \im, a width of 60 cm and an overall length of 300 m and being transported at a rate of 5 m/min, accord- 
ing to a gravure coating method (reverse-roll coating method: roll # 80). 

Successively, the film substrate coated was passed through a drying zone (maintained at 80*»C and a relative 
humidity of 40 % and having an Interior transportation distance of 5 hi) in which zone a vapor of hydrogen chloride evap- 
40 orated from a 10 wt. % hydrogen chloride aqueous solution was present, at the same transportation rate as described 
above, to dry the polysilazane film on the film substrate and expose the film to the vapor of hydrogen chloride (residence 
time: 1 minute). 

The polysiiazane-coated film substrate having passed through the drying zone was further transported through a 
moistening furnace maintained at 95*C and a relative humidity of 80 % and having an interior transportation distance 
45 of 25 m, at the same transportation rate as described above, to expose the polysilazane film to a steam-containing 
atmosphere for 5 minutes. 

Example 3g: 

so Perhydropolysilazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solution. The solution was applied onto one surface of a polyarylate (PAR) film substrate having a thick- 
ness of 75 )im. a width of 60 cm and an overall length of 300 m and being transported at a rate of 5 m/min, according 
to a gravure coating method (reverse-roll coating method: roll # 80). 

Successively, the film substrate coated was passed through a drying zone, (maintained at 80''C and a relative 

55 humidity of 40 % and having an interior transportation distance of 5 m) in which zone a vapor of acetic add evaporated 
from a 10 wt. % acetic add aqueous solution was present, at the same transportation rate as described above, to dry 
the polysilazane f Bm on the film substrate and expose the film to the vapor of acetic add (residence time: 1 minute). 

The polysiiazane-coated film substrate having passed through the drying zone was furtiier transported through a 
moistening furnace maintained at 95*C and a relative humidity of 80 % and having an interior transportation distance 
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of 25 m. at the same transportatiCMi rate as described above, to expose the polysllazane film to a steam-containing 
atmosphere for 5 minutes. 

5 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysllazane solution. The solution was applied onto one surface of a polyethersulfone (PES) film substrate having a 
thickness of 75 \im, a width of 60 cm and an overall length of 300 m and being transported at a rate of 5 m/min. accord- 
ing to a gravure coating method (reverse-roll coating method: roll # 80). 

10 " Successively, the film substrate coated was passed through a drying zone (maintained at 80'C and a relative 
humidity of 40 % and having an interior transportation distance of 5 m) in which zone a vapor of methyl amine evapo- 
rated from liquefied methyl amine was present, at the same transportation rate as described above, to dry the polyslla- 
zane film on the film substrate and expose the film to the vapor of methyl amine (residence time: 1 minute). 

The polysilazane-coated film substrate having passed through the drying zone was.further transported through a 

15 moistening furnace maintained at 95*0 and a relative humidity of 80 % and having an interior transportation distance 
of 25 m. at the same transportation rate as desaibed above, to expose the polysllazane film to a steam-containing 
atmosphere for 5 minutes. 

Example 38: 

20 

Perhydropolysilazane synthesized In Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysllazane solution. The solution was applied onto one surface of a polyether sulfone (PES) film substrate having a 
thickness of 75 ^im. a width of 60 cm and an overall length of 300 m and tjeing transported at a rate of 5 m/min. accord- 
ing to a gravure coating method (reverse-roll coating method: roll # 80). 
25 Successively, the film substrate coated was passed through a drying zone (maintained at 80'C and a relative 
humidity of 40 % and having an interior transportation distance of 5 m) in which zone a vapor of triethyl amine evapo- 
rated from a 3 wt. % triethyl amine aqueous solution was present, at the same transportation rate as desaibed above, 
to dry the polysllazane film on the film substrate and expose the film to the vapor of triethyl amine (residence time: 1 
minute). 

30 The polysilazane-coated film substrate having passed through the drying zone was further transported through a 
moistening furnace maintained at 95*C and a relative humidity of 80 % and having an interior transportation distance 
of 25 m, at the same transportation rate as described above, to expose the polysllazane film to a steam-containing 
atmosphere for 5 minutes. 

35 Example 39; 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysllazane solution. The solution was applied onto one surface of a polyether sulfone <PES) film substrate having a 
thickness of 75 \im. a width of 60 cm and an overall length of 300 m and being transported at a rate of 5 m/mIn, accord- 
40 ing to a gravure coating method (reverse-roll coating method: roll # 80). 

Successively, the film substrate coated was passed through a drying zone (maintained at 80*C and a relative 
humidity of 40 % and having an interior transportation distance of 5 m) in which zone a vapor of triethyl amine evapo- 
rated from a 3 wt. % triethyl amine aqueous solution was present, at the same transportation rate as described above, 
to dry the polysllazane film on the film substrate and expose the film to the vapor of triethyl amine ^residence time: 1 
45 minute). 

The polysilazane-coated film substrate having passed through the drying zone was further transported through a 
distilled water-containing bath maintained at 90°C and having an Interior transportation distance of 25 m. at the same 
transportation rate as described above, to immerse the poiysiiazane film in distilled water for 5 minutes. 

50 Example 40: 

Perhydropolysilazane syntiiesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysllazane solution. The solution was applied onto one surface of a polyether sulfone (PES) film substrate having a 
thickness of 75 \Lm, a width of 60 cm and an overall length of 300 m and being transported at a rate of 5 m/min. accord- 
55 ing to a gravure coating method (reverse-roll coating method: roll # 80). 

Successively, the film substrate coated was passed ttirough a drying zone (maintained at 80*0 and a relative 
humidity of 40 % and having an interior transportation distance of 5 m) in which zone a vapor of triettiyl amine evapo- 
rated from a 3 wt. % triethyl amine aqueous solution was present, at the same transportation rate as desaibed above, 
to dry tiie polysllazane film on the film substi-ate and expose the film to the vapor of triethyl amine (residence time: 1 
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minute). 

The polysilazane-coated film substrate having passed through the drying zone was further transported through a 
1 wt. % sulfuric acid aqueous solution-containing bath mairitained at 90''C and having an interior transportation dis- 
tance of 25 m, at the same transportation rate as desaibed above, to immerse the polysilazane film in 1 wt. % sulfuric 
5 add aqueous solution for 5 minutes. 

Example 41: 

Perhydropolysllazane synthesized In Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 

10 polysilazane solution. The solution was applied onto one surface of a polyether sulfone (PES) film substrate having a 
thickness of 75 ^m, a width of 60 cm and an overall length of 300 m and being transported at a rate of 5 m/min, accord- 
ing to a gravure coating method (reverse-roll coating method: roll # 80). 

Successively, the film substrate coated was passed through a drying zone (maintained at 80*^0 and a relative 
humidity of 40 % and having an Interior transportation distance of 5 m) in which zone a vapor of triethyl amine evapo- 

75 rated from a 3 wt. % triethyl amine aqueous solution was present, at the same transportation rate as described above, 
to dry the polysilazane film on the film substrate and expose the film to the vapor of triethyl amine (residence time: 1 
minute). 

The polysllazane-coated film substrate having passed through the drying zone was further transported through a 
1 wt. % phosphoric add aqueous solution-containing bath maintained at 90*^0 and having an interior transportation dls- 
20 tance of 25 m, at the same transportation rate as described above, to immerse the polysilazane film in 1 wL % phos- 
phoric acid aqueous solution for 5 minutes. 

Exqnpig 42: 

25 Perhydropolysllazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solution. The solution was applied onto one surface of a polyether sulfone (PES) film substrate having a 
thickness of 75 |im. a width of 60 cm and an overall length of 300 m and being transported at a rate of 5 m/min. accord- 
ing to a gravure coating method (reverse-roll coating method: roll # 80).' 

Successively, the film substrate coated was passed through a drying zone (maintained at 80°C and a relative 

30 humidity of 40 % and having an interior transportation distance of 5 m) in which zone a vapor of triethyl amine evapo- 
rated from a 3 wt. % triethyl amine aqueous solution was present, at the same transportation rate as described above, 
to dry the polysilazane film on the film substrate and expose the film to the vapor of triethyl amine (residence time: 1 
minute). 

The polysllazane-coated film substrate having passed through the drying zone was further transported through a 
35 0.1 wt. % sodium hydroxide aqueous solution-containing bath maintained at SO'^C and having an interior transportation 
distance of 25 m. at the same transportation rate as described above, to immerse the polysilazane film in 0.1 wt. % 
sodium hydroxide aqueous solution for 5 minutes. 

Example 43: 

40 

Perhydropolysllazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solution. The solution was applied onto one surface of a polyether sulfone (PES) film substrate having a 
thickness of 75 jim, a width of 60 cm and an overall length of 300 m and being transported at a rate of 5 m/min, accord- 
ing to a gravure coating method (reverse-roll coating method: roll # 80). 
45 Successively, the film substrate coated was passed through a drying zone (maintained at eo^'C and a relative 
humidity of 40 % and having an interior transportation distance of 5 m) In which zone a vapor of triethyl amine evapo- 
rated from a 3 wt. % triethyl amine aqueous solution was present, at the same transportation rate as described above, 
to dry the polysilazane film on the film substrate and expose the film to the vapor of triethyl amine (residence time; 1 
minute). 

so The polysilazane-coated film substrate having passed through the drying zone was further transported through a 
0.1 wt % ammonium chloride aqueous solution-containing bath maintained at 90°C and having an interior transporta- 
tion distance of 25 m. at the same transportation rate as described above, to immerse the polysilazane film In 0.1 wt. 
% ammonium chloride aqueous solution for 5 minutes. 

55 gyample 44: 

. Perhydropolysllazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solution. The solution was applied onto one surface of a polyether sulfone (PES) film substrate having a 
thickness of 75 ^m, a width of 60 cm and an overall length of 300 m and being transported at a rate of 5 m/min. accord- 
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ing to a gravure coating method (reverse-roll coating method: rdl # 80). 

Successively, the film substrate coated was passed through a drying rone (maintained at 80«C and a relative 
humidity of 40 % and having an interior transp6rtation distance of 5 m) in which zone a vapor of triethyl amine ©/apo- ■ 
rated from a 3 wt. % triethyl amine aqueous solution was present, at the same transportation rate as described above, 
to dry the polysilarane film on the film substrate and expose the film to the vapor of triethyl amine (residence time: 1 

"""Permeable separator sheet (non-woven fabric or side tape) was placed on the polysilazane-coated film substrate 
having passed through the drying zone so as to cover a whole surface or peripheral surface portions thereof and then 
the poli-silazaneKJoated film substrate was rolled up together with the permeable separator sheet. Thereafter, ttie 
polysilazane-coated film substrate rolled was allowed to stand in an atmosphere having a temperature of 2S»C and a 
relative humidity of 50 % for 24 hours. 

Example 45: 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solution. The solution was applied onto one surface of a triacetate (TAG) film substrate having a thickness 
of 80 tim. a width of 60 cm and an overall length of 300 m and being transported at a rate of 5 nVmm, according to a 
gravure coating method (reverse-roll coating method: roll #80). _ . ,^ 

Successively, the f ilm substfate coated was passed thtxxigh a drying zone (maintained at 80°C and a relative 
humidity of 40 % and having an interior transportation distance of 5 m) in «rtilch zone a vapor of tributyl amine evapo- 
rated from a 5 wt. % triethyl amine aqueous solution was present, at the same transportation rate as descnbed rt)0ve. 
to dry the polysilazane film on the film substrate and expose the film to the vapor of tributyl amine (residence time: 1 

""'"The polysilazane-coated film substrate haying passed through the drying zone was further transported through a 
moistening furnace maintained at 95«C and a relative humidity of 80 % and having an interior transportation distance 
of 25 m. at the same transportation rate as described above, to expose the polysilazane film to a steam-containing 
atmosphere for 5 minutes. 

Example 46: 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solution. The solution was applied onto one surface of a polyethylene terephthalate (PET) film substrate 
having a thickness of 75 fim, a width of 60 cm and an overall length of 300 m and being transported at a rate^)f 5 m/min. 
according to a gravure coating method (reverse-roll coating method: roll #80). 

Successively, the film substrate coated was passed through a drying zone (maintained at25«C and a relative 
humidity of 60 % and having an interior transportation distance of 5 m) in which zone a mixed vapor of acetic acid and 
triethyl amine evaporated from an aqueous solution containing 5 wt. % acetic acid and 5 wt. % tnethyl amine was 
present, at the same transportation rate as described above, to dry the polysilazane film on the film substrate and 
expose the film to the mixed vapor of acetic add and triethyl amine (residence time: 1 minute). 

The polysilazane-coated film substrate having passed through the drying zone was further transported through a 
moistening furnace maintained at B5'C and a relative humidity of 80 % and having an interior transportation distance 
of 25 m. at the same transportation rate as described above, to expose the polysilazane film to a steam-contalning 
atmosphere for S minutes. 

4S Example 47: 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solution. Palladium propionate was gradually added to the solution at room temperature while stimng to 
prepare a solution containing 1 wt. % of palladium propionate. The solution was applied onto one surface of a polyether 
suHbne (PES) film substrate having a thid<ness of 75 pirn, a width of 60 cm and an overall length of 300 m and being 
transported at a rate of 5 m/min. according to a gravure coating method (reverse-roll coating method: roll # 80). 

Successively, the film substrate «)ated was passed through a drying zone (maintained at 80°C and a relative 
humidity of 40 % and having an interior transportation distance of 5 m) in wrhich zone a vapor of triethyl. amine evapo- 
rated from a 3 wt. % triethyl amine aqueous solution was present, at the same transportation rate as^lescnbed above, 
to dry the polysilazane film on the film substrate and expose the fim to the vapor of trieBiyl amine (residence time: 1 

The polysilazane-coated film substrate having passed through the drying zone viras further transported through a 
moistening furnace maintained at 95°C and a relative humidity of 80 % and having an interior tiansportation distance 
of 15 m at the same transportation rate as described above, to expose the polysilazane film to a steam-containing 
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atmosphere for 3 minutes. 

Example 48: ^ : 

5 Perhydropolysllazane synthesized in Reference Example 1 was dissolved in m-xyiene to prepare a 12 wt. % 
polysilazane solution. The solution was applied onto one surface of a polyarylate (PAR) film sut^strate having a thick- 
ness of 75 fim. a width of 60 cm and an overall length of 300 m and being transported at a rate of 10 m/rnin. according 
to a gravure coating method (reverse-roll coating method: roll # 80). 

Successively, the film substrate coated was passed through a drying zone (Hot air temperature: 80'»C, Interior 

10 transportation distance: 10 m) at the same transportation rate as described above, to dry the polysilazane film on the 
film substrate (residence time: 1 minute). 

The polysilazane-coated film substrate having passed through the drying zone was further transported through a 
30 wt. % hydrogen peroxide aqueous solution-containing bath maintained at 50^*0 and having an interior transportation 
distance of 150 m, at the same transportation rate as described above, to Immerse the- polysilazane film In 30 wt % 

15 hydrogen peroxide aqueous solution for 1 5 minutes. 

Example 49: 

Perhydropolysllazane synthesized In Reference Example 1 was dissolved In m-xylene to prepare a 12 wt. % 
20 polysilazane solution. The solution was applied onto one surface of a triacetate (TAG) film substrate having a thickness 
of 80 ^m, a width of 60 cm and an overall length of 300 m and being transported at a rate of 10 m/min. according to a 
gravure coating method (reverse-roll coating method: roll # 80). 

Successively, the film substrate coated was passed through a solvent drying zone (Hot air temperature: 80«C, Inte- 
rior transportation distance: 10 m) at the same transportation rate as described above, to dry the polysilazane film on 
25 the film substrate (residence time: 1 minute). 

The polysilazane-coated film substrate having passed through the drying zone was further transported through a 
5 wt. % acetic acid aqueous solution-containing bath maintained at 50*C and having an interior transportation distance 
of 150 m. at the same transportation rate as described above, to immerse the polysilazane film in 5 wt. % acetic add 
aqueous solution for 1 5 minutes. 

30 

Example 50: 

Perhydropolysllazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solutioa The solution was applied onto one surface of a polyethylene terephthalate (PET) film substrate 

35 having a thickness of 75 ^m, a width of 60 cm and an overall length of 300 m and being transported at a rate of 10 
m/min, according to a gravure coating method (reverse-roll coating method: roll # 80). 

Successively, the film substrate coated was passed through a drying zone (Hot air temperature: 80»C. Interior 
transportation distance: 10 m) at the same transportation rate as described above, to dry the polysilazane film on the 
film substrate (residence time: 1 minute). 

40 The polysilazane-coated film substrate having passed through the drying zone was further transported through a 
5 wt. % propionic acid aqueous solution-containing bath maintained at 50**C and having an Interior transportation dis- 
tance of 150 m, at the same transportation rate as described above, to immerse the polysilazane film in 5 wt. % propi- 
onic acid aqueous solution for 15 minutes. 

45 Example 51: 

Perhydropolysllazane synthesized in Reference Example 1 was dissolved In m-xylene to prepare a 12 wt. % 
polysilazane solution. The solution was applied onto one surface of a polyether sulfone (PES) film substrate having a 
thickness of 75 nm. a width of 60 cm and an overall length of 300 m and being transported at a rate of 10 m/min, accord- 
so ing to a gravure coating method (reverse-roll coating method: roll #80). 

Successively the film substrate coated was passed through a drying zone (Hot air temperature: 80«C, Interior 
transportation distance: 10 m) at the same transportation rate as described above, to dry the polysilazane film on the 
film substrate (residenqe time: 1 minute). 

The polysilazane-coated film sut)strate having passed through the drying zone was further transported through a 
55 5 wt. % caproic acid aqueous solution-containing bath maintained at 50*C and having an interior transportation dis- 
tance of 1 50 m, at the same transportation rate as desaibed above, to immerse the polysilazane film in 5 wt, % caproic 
add aqueous solution for 15 minutes. 
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Example 52: 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solution. The solution was applied onto one surface of a polyether sulfone (PES) film substrate having a 

5 thickness of 75 \im, a width of 60 cm and an overall length of 300 m and being transported at a rate of 1 0 m/min. accord- 
ing to a gravure coating method (reverse-roll coating method: roll # 80). 

Successively, the film substrate coated was passed through a drying zone (Hot air temperature: 80**C. Interior 
transportation distance: 10 m) at the same transportation rate as described above, to dry the polysilazane film on the 
film substrate (residence time: 1 minute), 

10 The polysilazaneKXjated film substrate having passed through the drying zone was further transported through a 
5 wt. % trimethyl amine aqueous solution-containing bath maintained at 25'C and having an interior transportation dis- 
tance of 1 50 m. at the same transportation rate as described above, to immerse the polysilazane film in 5 wt. % trime- 
thyl amine aqueous solution for 1 5 minutes. 

75 Example 53: 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solution. The solution was applied onto one surface of a polyether sulfone (PES) film substrate having a 
thickness of 75 fim, a width of 60 cm and an overall length.of 300 m and being transported at a rate of 1 0 nVmin, accord- 
20 ing to a gravure coating method (reverse-roll coating method: roll # 80). 

Successively, the film substrate coated was passed through a drying zone (Hot air temperature: 80*C, Interior 
transportation distance: 10 m) at the same transportation rate as described above, to dry the polysilazane film on the 
film substrate (residence time: 1 minute). 

The polysilazane-coated film substrate having passed through ttie drying zone was further transported through a 
25 3 wt. % n-butyl amine aqueous solution-containing bath maintained at 25°C and having an interior transportation dis- 
tance of 50 m. at the same transportation rate as described above, to irnmerse the polysilazane film in 3 wt. % n-butyl 
amine aqueous solution for 5 minutes. 

Example 54: 

30 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solution. The solution was applied onto one surface of a polyether sulfone (PES) film substrate having a 
thickness of 75 M-m. a width of 60 cm and an overall length of 300 m and being transported at a rate of 10 m/min. accord- 
ing to a gravure coating method (reverse-roll coating method: roll # 80). 

35 Successively, the film substrate coated was passed through a drying zone (Hot air temperature: 80*C. Interior 
transportation distance: 10 m) at the same transportation rate as described above, to dry the polysilazane film on the 
film substrate (residence time: 1 minute). 

The polysilazane-coated film sutsstrate having passed through the drying zone was further transported through a 
5 wt. % octyl amine aqueous solution-containing bath maintained at 50'C and having an interior transportation distance 

40 Of 1 50 m. at the same transportation rate as described above, to immerse the polysilazane film In 5 wt. % octyl amine 
aqueous solution for 1 5 minutes. 

Example 55: 

45 Perhydropolysilazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solution. The solution was applied onto one surface of a polyether sulfone (PES) film substrate having a 
thickness of 75 >im. a width of 60 cm and an overall length of 300 m and being transported at a rate of 1 0 m/min. acoord- 
ing to a gravure coating method (reverse-roll coating method: roll # 80). 

Successively, the film substrate coated was passed through a drying zone .(Hot air temperature: 80'*C. Interior 

50 transportation distance: 10 m) at the same transportation rate as descrlkjed above, to dry the polysilazane film on the 
film sulDstrate (residence time: 1 minute). 

The polysilazane-coated film suk5Strate having passed through the drying zone was further transported through a 
1 wt. % acetic acid/3 wt. % n-pentyl amine aqueous solution-containing bath maintained at 50*C and having an interior 
transportation distance of 1 50 m, at the same transportation rate as desaibed above, to immerse the polysilazane film 

55 in 1 wt. % acetic acid/3 wt. % n-pentyl amine aqueous solution for 1 5 minutes. 

Example 56: 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
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polysilazane solution. The solution was applied onto one surface of a polyetiier suifone (PES) film substrate having a 
thickness of 75 ^im, a width of 60 cm and an overall length of 300 m and being transported at a rate of 5 m/min, accord- 
ing to a gravure coating method (reverse-roll coating method: roll # 80). " 

In this Example, there was adopted a method in which a vapor of an amine compound evaporated from an amine 

5 compound-containing aqueous solution using a separate steam generator, steam and a nitrogen gas were transported 
in the form of a gaseous mixture to the drying zone and sprayed through a nozzle thereinto. 

Specifically, a nitrogen gas was blown into two containers respectively charged with a 5 wt. % methylene chloride 
amine aqueous solution and with distilled water, to make tuibbles in these liquids, thereby obtaining a vapor of methyl 
amine and steam. At this time, the nitrogen gas was introduced into the respective containers at a such a flow rate that 

10 an internal pressure of each container was maintained at about 1 .5 x 1 0^ Pa (1 .5 kgf/cm^). The nitrogen gas containing 
vapor of methyl amine and steam were taken out of gas phases in the respective containers and then fed into the drying 
zone through pipe lines and sprayed through nozzles thereinto. In this case, the pipe lines were branched Into four pipe 
sublines in the mid thereof. The four pipe sublines branched were respectively coupled to four nozzles which were 
located within the drying zone at a position about 3 m apart from an entrance of the drying zone and arranged In parallel 

75 spaced by about 40 cm apart from each other in the direction perpendicular to the transportation of the coated film sub- 
strate. 

Next, the film substrate coated was transported through the afore-mentioned drying zone (having an interior trans- 
portation distance of 5 m) at the same transportation rate as described above. In the drying zone, the film on the film 
substrate transported therethrough was partially dried in an initial region up to 3 m from the entrance thereof (which 

20 region was maintained at a temperature of 80^C and a relative humidity of 40 % and in which region the residence time 
of the film was 0.6 minute) . In the remaining 2 m region of the drying zone (which was maintained at room temperature 
and in which the residence time of the film was 0.4 minute), the vapor of methylene amine and steam together with nitro- 
gen gas was sprayed over the film through the four nozzles disposed at a height of 20 mm above a surface of the film. 
The average concentration of the vapor of methyl amine in the drying zone, was approximately 1 volume % and the total 

25 residence time of the film in the drying zone was 1 minute. 

The polysilazane-coated film substrate having passed through the drying zone was further transported through a 
moistening furnace maintained at 95*^0 and a relative humidity of 80 % and having an interior transportation distance 
of 25 m. at the same transportation rate as described above, to expose the polysilazane film to a steam-containing 
atmosphere for 5 minutes. 

30 

Example 57: 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solution. The solution was applied onto one surface of a polyethylene terephthalate (PET) film substrate 

35 having a thickness of 75 fim, a width of 60 cm and an overall length of 300 m and being transported at a rate of 5 m/min. 
according to a gravure coating method (reverse-roll coating method: roll # 80). 

In this Example, there was adopted the same method as described in Example 40, in which a vapor of an amine 
compound evaporated from an amine compound-containing aqueous solution using a separate steam generator, was 
transported to the drying zone and sprayed through nozzles thereinto. 

40 Specifically, a nitrogen gas was blown into a container charged with a 3 wt % triethyl amine aqueous solution to 
make bubbles in the liquid. At this time, the nitrogen gas was introduced into the container to cause the bubbling of the 
liquid at a such a flow rate that an intemal pressure of the container was maintained at atx)ut 1 .5 x 1 0^ Pa (1 .5 kgf/cm^). 
The vapor of triethyl amine and steam carried on the nitrogen gas were taken out of a gas phase in the container and 
then fed into the drying zone through pipe lines and sprayed through nozzles thereinto. In this case, the pipe lines were 

45 branched into four pipe sublines in the mid thereof. The four pipe sublines branched were coupled respectively to four 
nozzles which were located within the drying zone at a position about 3 m apart from an entrance of the drying zone 
and arranged in parallel spaced by about 40 cm apart from each other in the direction perpendicular to the transporta- 
tion of the coated film substrate. 

Next, the coated film substrate prepared above was transported through the drying zone (having an interior trans- 

50 portation distance of 5 m) at the same transportation rate as described above. In the drying zone, the polysilazane film 
on the film substrate transported therethrough was partially dried in an initial region up to 3 m from the entrance thereof 
(which was maintained at room temperature and in which the residence time of the film was 0.6 minute). In the remain- 
ing 2 m region of the drying zone (which was maintained at room temperature and in which the residence time of the 
film was 0.4 minute), the vapor of triethyl amine and steam together with nitrogen gas was sprayed over the film through 

55 the four nozzles .disposed at a heght of 20 mm above a surface of the film. The average concentration of the vapor of 
triethyl amine in the drying zone, was approximately 1 volume % and the total residence time of the film in the drying 
zone was 1 minute. 

The polysllazane-coated film substrate having passed through the drying zone was further transported through a 
moistening furnace maintained at 95^C and a relative humidity of 80 % and having an interior transportation distance 
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of 25 m. at the same transportation rate as described above, to expose the polysilazane film to a steam-containing 
atmosphere for 5 minutes. 

Example 58; 

5 

Perhydropolysiiazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 virt. % 
polysilazane solution. The solution was applied onto one surface of a triacetate (TAG) film substrate having a thickness 
of 80 fim, a width of 60 cm and an overall length of 300 m and being transported at a rate of 5 m/min. according to a 
gravure coating method (reverse-roll coating method: roll # 80). 

w In this Example, there was adopted the same method as described in Example 40. in which a vapor of an amine 
compound evaporated from an amine compound-containing aqueous solution using a separate steam generator, was 
transported to the drying zone and sprayed through nozzles thereinto. 

Specifically, a nitrogen gas was blown into a container charged with a 5 wt. % tributyl amine aqueous solution to 
make bubbles in the liquid. At this time, the nitrogen gas was introduced into the container at a such a flow rate that an 

75 intemal pressure of the container was maintained at about 1 .5 x 10^ Pa (1 .5 kgfW). The vapor of tributyl amine and 
steam carried by the nitrogen gas were taken out of a gas phase in the container and then fed Into the drying zone 
through a pipe line and sprayed through nozzles thereinto. In this case, the pipe line was branched into four pipe sub- 
lines In the mid thereof. The four pipe sublines branched were coupled respectively to four nozzles which were located 
within the drying zone at a position about 3 m apart from an entrance of the drying zone and arranged in parallel spaced 

20 by about 40 cm apart from each other in the direction perpendicular to the transportation of the polysilazane-coated film 

substrate. • ^ • 

Next, the polysilazane-coated film substrate prepared above was transported through the afore-mentioned drying 
zone (having an interior transportation distance of 5 m) at the same transportation rate as desaibed above. In the dry- 
ing zone, the polysilazane film on the film substrate transported therethrough was partially dried in an initial region up 
25 to 3 m from the entrance thereof (which was maintained at a temperature of 80*»C and a relative humidity of 40 % and 
in which the residence time of the film was 0.6 minute) . In the remaining 2 m region of the drying zone (which was main- 
tained at room temperature and in which the residence time of the film was 0.4 minute), the vapor of tributyl amine and 
steam together with nitrogen gas were sprayed over the film through the four nozzles disposed at a height of 20 mm 
above a surface of the film. The average concentration of the vapor of tributyl amine in the drying zone, was approxi- 
30 mately 1 volume % and the total residence time of the film in the drying zone was 1 minute. 

The polysilazane-coated film substrate having passed through the drying zone was further transported through a 
moistening furnace maintained at 95*C and a relative humidity of 80 % and having an interior transportation distance 
of 25 m. at the same transportation rate as described above, to expose the polysilazane film to a steam-containing 
. atmosphere for 5 minutes. 

35 

Example 59: 

Perhydropolysilazane synthesized in Reference Example 1 was dissolved in m-xylene to prepare a 12 wt. % 
polysilazane solution. The solution was applied onto one surface of a polyethylene terephthalate (PET) film substrate 

40 having a thickness of 75 ^im. a width of 60 cm and an overall length of 300 m and being transported at a rate of 5 mfmn, 
according to a gravure coating method (reverse-roll coating method: roll # 80). 

In this Example, there was adopted the same method as described in Example 40, in which a vapor of an amine 
compound evaporated from an amine compound-containing aqueous solution using a separate steam generator, was 
transported to the drying zone and sprayed through nozzles thereinto. 

45 Specifically, a nitrogen gas was independently blown into two containers respectively charged with triethyl amine 
as a single substance and with distilled water to make bubbles in the latter liquids. At this time, the nitrogen gas was 
introduced into the containers at such a flow rate that an internal pressure of each container was maintained at about 
1 .5 x 1 0^ Pa (1 .5 kgf/cm^). The vapor of triethyl amine and steam each carried by the nitrogen gas were taken out of a 
gas phase in each container and then introduced into a pipe line so as to be fed into the drying zone and sprayed 

so through nozzles thereinto. In this case, the pipe line was branched into four pipe sublines in the mid thereof. The four 
pipe sublines branched were coupled respectively to four nozzles which were located within the drying zone at a posi- 
tion about 3 m apart from an entrance of the drying zone and arranged in parallel spaced by about 40 cm apart from 
each other in the direction perpendicular to the transportation of the polysilazane-coated film substrate. ^ 
Next, the polysilazane-coated film substrate prepared above was transported through the aforementioned drying 

55 zone (having an interior transportation distance of 5 m) at the same transportation rate as described above. In the dry- 
ing zone, the polysilazane film on the film substrate transported therethrough was partially dried in an initial region up 
to 3 m from the entrance thereof (which was maintained at room temperature and in which the residence time of the film 
was 0.6 minute). In the remaining 2 m region of the drying zone (which was maintained at room temperature and in 
which the residence time of the film was 0.4 minute), the vapor of triethyl amine and steam together with nitrogen gas 
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were sprayed over the film through the four nozzles disposed at a height of 20 mm above a surface of the film. The aver- 
age concerttration of the vapor of triethyl amine In the drying zone, was approximately. 1 volume % and the total resl- 
. dence time of the film in the drying zone was 1 minute. - - 

The polysilazane-coated film substrate having passed through the drying zone was further transported through a 
moistening furnace maintained at 95°C and a relative humidity of 80 % and having an interior transportation distance 
of 25 m, at the same transportation rate as described above, to expose the polysllazane film to a steam-containing 
atmosphere for 5 minutes. 

Evaluation of Film Properties: 

The ceramic transformation of substantially an entire portion of the respective filrhs obtained In Examples 27 to 59 
above was determined by the dissipation of peaks of Si-H oscillation (N-H oscillation) and the emergence of peaks of 
Si-0 oscillation when measured according to an IR spectroscopic analysis. Further, the thicknesses of the respective 
ceramic films were calculated from coherent peaks of visible spectrum according to a spectroscopic analysis. As a 
result, it was confirmed that all the ttiicknesses of the ceramic films were 0.6 jim. 

These ceramic films were evaluated with respect to the following properties. Also, the properties of the plastic film 
subsbBtes ttiemselves used were evaluated as a reference in ttie same manner except adhesion properties. The 
results are shown in Table 1 . 

(1) Oxygen permeability (unit: cdvr?/24 hours/abn): 

Measured at 25'C and 65 % RH by a measuring device manufartured by Mocon Corp. 

(2) Steam permeability (unit: hours): 

Measured at 40^*0 by a measuring device manufactured by Mocon Corp. 

(3) Light ti'ansmittance: 

Measured in terms of average transmittance of visible lights by a hazemeter. 

(4) Scuff resistance: 

The respective film samples were tested by bringing them into rotational contact with steel wool #000 at a load 
of 250 g for 100 revolution cycles (at 60 rpm). The samples tested were visually observed to count ttie number of 
scuff marks or scratches formed thereon. The results were evaluated by classifying into five ranks: A: No scuff 
marks, B: not more than two scuff marks, C: 3 to 5 scuff marks, D: 6 to 10 scuff marks, and E: not less than 1 1 scuff 
marks. 

(5) Adhesion properties: 

Evaluated by a aoss-cut tape peel test. 
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Table 1 



5 


Example 


Oxvgen 


Steam 


Light 


Scuff 


Adhesion 




No. 


penneabilitv 


pemieabilitv 


transmittance 


resistance 


properties 




27 


1.6 


2.0 


91 


B 


100/100 




28 


2.4 


2.8 


93 


B 


100/100 


10 


29 


2.4 


2.8 


93 


B 


100/100 




30 


2.0 


20.0 


95 


B 


100/100 




31 


0.8 


1.2 


91 


B 


100/100 




32 


2.4 


2.8 


93 


B 


100/100 


IS 


33 


1.2 


1.8 


93 


B 


100/100 




34 


1.6 


2.0 


91 


B 


100/100 




35 


2.4 


2.8 


93 


B 


100/100 




36 


2.4 


2.8 


93 


B 


100/100 


BO 


37 


2.4 


2.8 


93 


B 


100/100 




38 


1.2. 


1.8 


93 


A-B 


100/100 




39 


1.8 


•2.3 


93 


A-B 


100/100 




40 


1.8 


2.3 


93 


A-B 


100/100 


25 


41 


1.8 


2.3 


93 


A-B 


100/100 




42 


1.8 


2.3 


93 


A-B 


100/100 




43 


1.8 


2.3 


93 


B 


100/100 




44 


. 1.2 


1.8 


93 


B 


100/100 


30 


45 


1.5 


15.0 


95 


B 


100/100 


46 


1.2 


1.6 


91 


B 


100/100 




47 


1.8 


2.3 


93 


A-B 


100/100 




48 


2.4 


2.8 


93 


A-B 


100/100 


35 


49 


2.0 


20.0 


95 


, A-B 


100/100 


50 


1.6 


2.0 


91 


A-B 


100/100 




51 . 


2.4 


2.8 


93 


A-B 


100/100 




52 


2.4 


2.8 


93 


A-B 


lOO/lOO 


40 


53 


2.4 


2.8 


93 


A-B 


100/100 


54 


2.4 


2,8 


93 


A-B 


100/100 




55 


2.4 


2.8 


93 


A-B 


100/100 




56 


0.6 


0.9 


93 


B 


100/100 




57 


0.5 


0.8 


91 


B 


lOU/lUO 


45 


58 


1.0 


5.0 


95 


B 


lOO/lOO 




59 


0.5 


0.8 


91 


B 


100/100 




PET75nm 


25 . 


12 


88 


E 






PES75nm 


350 


40 


87 


E 




SO 


PAR 75 

\sxn 


400 


50 


89 


E 






TAG 80nm. 


180 


460 


92 


E 





55 

By using a composition containing the sllazane-based polymer according to the present invention, SiOg-based 
ceramic materia! can be produced smoothly at a low temperature. In this case, the ceramic-transformation can be rap- 
idly can-led out at a temperature as low as not more than especially not more than 50*C. Accordingly, in accord- 
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ance with the present invention, the ceramic-transformation can be completed before low molecular weight fractfons in 
the polymer are evaporated. Accordingly, the ceramic material produced according to the present invention has a 
smooth surface. In addition, since low-molecular fractions in the polymer are prevented from being evaporated, there 
arise no problems such as loss of the polymer or contamination of apparatuses by the evaporated polymer. 
5 As described above, the transformation of the siiazane-based polymer into the ceramic material can be rapidly car- 
ried out at ai low temperature, so that the present invention can be advantageously applied to a method of forming a 
ceramic film on substrates or elements used In the field of electronic products, or a method of forming a ceramic film on 
surfaces of plastic films, or the like. 

10 Claims 

1. A composition for forming a ceramic material comprising a mixture of a silazane-based polymer and at least one 
ceramic-transformation promoting agent selected from the group consisting of an amine conpound, an add com- 
pound and a peroxide. 

75 

2. A composition according to daim 1 . further comprising an organic solvent. 

3. A process for producing a ceramic material, comprising the step of: 

20 bringing a mixture comprising a silazane-based polymer and at least one ceramic-transformation promoting 

agent selected from the group consisting of an amine compound, an add compound and a peroxide into con- 
tact with steam to transform said polymer into the ceramic material. 

4. A process for producing a ceramic material, comprising the step of: 

25 

bringing a silazane-based polymer Into contact with an aqueous solution containing at least one ceramic-trans- 
formation promoting agent selected from the group consisting of an amine compound, an acid compound and 
a peroxide to transform said polymer into the ceramic material. 

30 5. A process for producing a ceramic material, comprising the step of: 

bringing a silazane-based polymer Into contact with a vapor of at least one ceramic-transformation promoting 
agent selected from the group consisting of an amine compound, an add compound and a peroxide, and 
steam, separately or simultaneously, to transform said polymei into the ceramic material. 

35 

6. A ceramic material produced by a method according to any one of daims 3 to 5. 

7. A process for producing a ceramic film on a surface of a solid body, comprising the steps of: 

40 forming, on the surface of said solid body, a film comprising a silazane-based polymer and at least one 

ceramic-transformation promoting agent selected from the group consisting of an amine compound, an acid 
compound and a peroxide; and 

bringing said film into contact with steam to transform said film into the ceramic film. 

45 8. A process for produdng a ceramic film on a surface of a solid body, comprising the steps of: 

forming, on the surface of said solid body, a film comprising a silazane-based polymer: and 
bringing said film into contact with an aqueous solution containing at least one ceramic-transformation promot- 
ing agent selected from the group consisting of an amine compound, an add compound and a peroxide to 
so transform said film into the ceramic film. 

9. A process for producing a ceramic film on a surface of a solid body, comprising the steps of: 

forming, on the surface of said solid body, a film comprising a silazane-based polymer; and 
S5 bringing said film into contact with a vapor of at least one ceramic-transformation promoting agent selected 

from the group consisting of an amine compound, an add compound and a peroxide, and steam, separately 
or simultaneously, to transform said film into the ceramic film. 

10. A process according to any one of claims 7 to 9, further comprising bringing said ceramic film into contact with 
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steam, water an aqueous acid solution or an aqueous alkaline solution. 

11. A solid product comprising the:ceramic film produced by a method according to any one of claims 7 to 10, on the 
surface of said solid body. 

5 

12. A process for forming a ceramic film on a solid body, comprising the steps of: 

(a) applying a coating material comprising a silazanerbased polymer and at least one ceramic-transformation 
promoting agent selected from the group consisting of an amine compound, an acid oonnpound and a peroxide 

■10 on a surface of the solid tKxiy to form a film of said coating material thereon; 

(b) drying said film of the coating material to form a polymer film on the solid body; and 

(c) bringing said polymer film on the solid body into contact with steam to transform the polymer film into the 
ceramic film. 

15 13. A process according to claim 12, wherein by carrying out the drying of the film of the coating material in the pres- 
ence of steam, the transformation into the ceramic film is conducted simultaneously with the drying. 

14. A process for forming a ceramic film on a solid body, conprising the steps of: 

20 (a) applying a coating material conprising a sitazane^sed polymer on a surface of the solid body to form a 

film of said coating material thereon; 

(b) drying said film of the coating material to form a polymer film on the solid body: and 

(c) bringing said polymer film on the solid body into contact with an aqueous solution containing at least one 
ceramic-transformation promoting agent selected from the group consisting of an amine compound, an add 

25 compound and a peroxide to transform the polymer film into the ceramic film. 

1 5. A process for forming a ceramic film on a solid body, conprising the steps of: 

(a) applying a coating material comprising a silazane-based polymer on a surface of the sofid body to form a 
30 film of said coating material thereon; 

(b) drying said film of the coating material to form a polymer film on the solid body; and 

(c) bringing said polymer film on the solid body into contact with a vapor of at least one ceramic-transformation 
promoting agent selected from the group consisting of an amine compound, an acid compound and a peroxide, 
and steam, separately or simultaneously, to transform the polymer film into the ceramic film. 

35 ' ■ 

1 6. A process for forming a ceramic film on a solid body, comprising the steps of: 

(a) applying a coating material comprising a silazane-based polymer on a surface of the solid body to form a 
film of said coating material thereon; 
40 (b) drying said f iirn of the coating material to form a polymer film on the solid body; 

(c) bringing said polymer film on the solid body into contact with a vapor or a liquid of at least one ceramic- 
transformation promoting agent selected from the group consisting of an amine compound, an add conrpound 
or a peroxide; and 

(d) bringing said polymer film containing said at least one ceramic-transformation promoting agent witii steam 
45 to transform the polymer film Into the ceramic film. 

17. A process according to claim 15, wherein by carrying out the drying of the film of the coating material in the pres- 
ence of the ceramic-transformation promoting agent and steam, tiie transformation into the ceramic film is con- 
ducted simultaneously with the drying: 

so 

18. A process according to claim 16. wherein by carrying out the drying of the film of the coating material in the pres- 
ence of the vapor of the ceramic-transformation promoting agent, the transformation into the ceramic film is con- 
ducted simultaneously witii the drying. 

55 19. A process according to claim 16. wherein by carrying out the contact between the polymer film and the ceramic- 
transformation promoting agent in the presence of steam, the transformation into the ceramic film is conducted 
simultaneously with the contact. 

20. A process according to any one of claims 12 to 19. wherein said solid product is a substrate or an element used in 
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electronic products. 

21. A process according to any one of claims 12 to 19. wherein said solid product is an elongated plastic film. 

22. A solid product having the ceramic film, which is produced by a m^hod according to any one of claims 1 2 to 21 . on 
the surface of the solid body. 

23. A solid product according to daim 22, wherein the content of nitrogen in the ceramic film is in the range of 0.005 to 
5 atomic %. 
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